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14-Bit, 190 MSPS ADC 

Speed and Performance 



Device 


Resolution 


Speed 


SNR 


SFDR 


ADS5546 


14 Bits 


190 MSPS 


73.2 dBFS at 70 MHz IF 


84 dBc at 70 MHz IF 


ADS5545 


14 Bits 


170 MSPS 


73.5 dBFS at 70 MHz IF 


85 dBc at 70 MHz IF 


ADS5444 


13 Bits 


250 MSPS 


68.6 dBFS at 230 MHz IF 


78 dBc at 230 MHz IF 


ADS5440 


13 Bits 


210 MSPS 


69.1 dBFS at 230 MHz IF 


79 dBc at 230 MHz IF 



The new high-performance, low-power ADS5546 ADC from Texas Instruments features 1.1W total 
power consumption in an ultra-small, 7mm x 7mm QFN package. It supports both high SNR and 
SFDR at high input frequencies and offers unprecedented interface flexibility with user-selectable 
CMOS or DDR LVDS outputs. The ADS5546 is ideal for demanding applications such as wireless 
communications, video, imaging, instrumentation, test and measurement. 

High Performance. Analog. Texas Instruments. 

For datasheets, samples and 
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Gap Pad S-Class stays soft. 
It doesn't flake, tear or crumble 
for easy application. 

Say good-bye to crumbling, oily gap fillers 
for good. Bergquist's super-soft Gap Pad 
S-Class thermally conductive gap filling 
materials conform to 

i _!■ , I ' I Thermal Conductivity I 



Hardness (00) ■ 

2.4 




2.0 
















30 


40 




20 






Gap Pad 
2000S40 




Gap Pad 
2500S20 




Gap Pad 
3000S30 



maintaining structural 
integrity and applying little or no stress to fragile 
components. In addition, S-Class' natural inherent tack 
provides more stable release characteristics, making 
it cleaner and easier to handle in the application 
assembly process. 

Call 1.800.347.4572 or visit www.bergquistcompany.com/ease 



Three Gap Pad S-Class solutions providing exceptional 
softness, thermal performance and ease of handling. 



Maximize thermal performance with Gap Pad S-Class. 

S-Class materials provide high thermal conductivity for exceptionally 
low thermal resistance at ultra-low mounting pressures - our best 
thermal performance material yet. The elastic nature of the material 
also provides excellent interfacing and wet-out performance. And 
because of its natural inherent tack, S-Class eliminates the need for 
^^^^^^ additional adhesive layers that can 
increase interfacial resistance and 
inhibit thermal performance. 

FREE sample kit and S-Cap. 

Visit our web site or call today 
to qualify for your FREE S-Class 
sample kit and S-Cap. 




FREE sample kit and S-Cap 
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COMPANY 

I 8930 West 78th Street • Chanhassen, MN 55317 • A ISO900l:2000 registered facility 
(800) 347-4572 • Phone (952) 835-2322 • Fax (952) 835-0430 • www.bergquistcompany.com 



Thermal Products • Membrane Switches • Touch Screens • Electronics • Labels and Graphic Overlays 



Intersil Switching Regulators 



Intersil High Performance Analog 



The Smart Dogs 
Just Know How To 
Keep Their Cool 

Intersil's new high current Integrated FET 
Regulators have some new tricks to teach the old 
dogs, including the industry's only true Thermal 
Protection with auto shut down at 135°C. 

Intersil's EL7554 and EL7566 DC-DC buck regulators with internal CMOS 
power FETs operate from 3V-to-6V input voltage and are capable of up to 
96% efficiency. But what's really cool about these devices is ground 
breaking features like built-in Thermal Protection and Voltage Margining 
for actual in-circuit performance validation. 




HTSSOP THERMAL RESISTANCE vs 
PCB AREA (NO AIR FLOW) 




The first line of defense 
against heat is a 
thermally-efficient HTSOP-28 
package, which utilizes an 
exposed thermal pad 
underneath the IC to spread 
heat through the PCB. 



The Vjj pin is a 
formula-based, accurate 
indicator of the internal 
silicon junction temperature. 



If all else fails and the 
temperature sensor indicates 
a junction temperature above 
135°C, the PWM Regulator 
will shut down. 



Key Features: 

^ 4A (EL7554) and 6A (EL7566) 
continuous output current 

^ Up to 96% efficiency 

Built-in 5% voltage margining 

— 3V-to-6V input voltage 

^ 0.58 in2 (EL7554) and 0.72 in2 
(EL7566) footprint with 
components on one side 
of PCB 

Adjustable switching frequency 
to 1 MHz 



For more information and samples, 
go to www.intersil.com/edn 

Easy-to-use simulation tool also 
available. Modify switching frequency, 
voltage ripple, ambient termperature 
and view schematics waveforms, 
efficiency graphs and complete BOM 
with Gerber layout. 
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HIGH PERFORMANCE ANALOG 



Intersil- Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 



Amplifiers to ADCs, 




analog is everywhere: 



Shanghai to San Jose, analog is everywhere. 




Analog— setting designs apart 

In today's digital world, it's analog performance that helps create a great user experience. In fact, as 
designs go more digital, engineers rely more on analog functionality to bring their designs to life. 

And the most trusted company for bringing analog technology everywhere is Analog Devices. 

For example, when it comes to data converters and amplifiers, more engineers specify ADI than any 
other brand. What's more, our in-depth expertise across a multitude of analog technologies— including 
power, RF, and MEMS— helps optimize performance in countless applications, from automotive GPS 
and advanced TV to MP3 and medical imaging equipment. 

For more than 40 years, ADI has been delivering innovative, reliable analog solutions that meet the 
most demanding performance and budget requirements. 

Celebrate the analog world. Order your free "analog is everywhere" poster. 



www.analog.com/everywhere 



□ ANALOG 
DEVICES 



PRECISE POWER MANAGEMENT. 

IT TAKES THE PAIN OUT OF DESIGNING LOW-POWER ICs 

Increasing feature, function and processing requirements make it harder 
than ever to manage power consumption in personal electronics, wireless and 
handheld devices. A design system that concurrently analyzes and optimizes 
your IC for power, timing, area, signal integrity and yield is what you need. 
And that's what Magma provides. Blast Power™ and Blast Rail™NX facilitate 
significant power reductions throughout the flow, enabling you to complete 
low-power chips faster. Your design will blow the socks off your competitors' 
chips but won't blow your power budget, or your schedule. 

For more on how Magma lets you get the most out of your chips with 
just the right amount of power, visit www.magma-da.com/4LowPower. Find 
out why the world's top chip companies rely on Magma software to design their 
most critical ICs. 



MAGMA. 



2005 Magma Design Automation, Inc. All rights reserved. Magma and the Magma logo are registered trademarks and Blast Power and Blast Rail are trademarks of Magma Design Automation, Inc. 
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Mobile- and small-form-factor-product designers turn to fabric 
technology and off-the-shelf computer modules to beat the 
competition, by Warren Webb, Technical Editor 



Design challenges 
steer automotive 
electronics 
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The automotive 
industry uses 
sophisticated 
mechanical design tools 
but could benefit from 
electronic system design 
automation. 

by Michael Santarini, 
Senior Editor 
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Choosing high-speed 
amplifiers for noise- 
sensitive applications 

4jk Voltage feedback, 
current feedback, 
bipolar, CMOS-all have 
advantages and drawbacks. Here's 
a road map for picking the best 
type for your application. 

by Jeff rey Lies, Tamara Papal ias, 
and Mike Wong, Intersil Corp 

Designing RF-IC filters 
using an automated 
circuit and layout 
synthesis 

RF-IC designers can 
automate tedious filter- 
design iterations by 
integrating design steps with an 
electromagnetic simulator. 

by Changhua Wan and 
Jian-X Zheng, Zeland Software Inc 
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CMOS inverters convert RF to digital signal 
Instrumentation amplifier extends DSO 

Virtual instrument determines magnetic core's B-H-loop characteristics 
Send your Design Ideas to EDNdesignideas@reedbusiness.com. 
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DATA CONVERTERS 



High Speed, Top Performance! 

13-Bit, 250-MSPS ADC 




ADS544x Dynamic Performance 




50 



100 
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200 



Input Frequency (MHz 

ADS5440 at 170 MSPS ADS5444 at 210 MSPS 



250 300 



350 



400 



-ADS5444 at 250 MSPS 



Sample Application: Wideband, High IF DPD Feedback Receiver 

Diplexer 



CO 00 



C64x™ GC5016 GC1115 
GC5316 




PA Linear 
Feedback 
Path 



ADS5444 



The new ADS5444 from Texas Instruments sets a new benchmark for high-speed 
ADCs, providing best-in-class performance at 250 MHz. Look to Tl for a complete 
portfolio of high-speed ADCs, including the recently announced ADS5440 13-bit, 
250 MSPS ADC. 





Resolution 


Speed 


SNR 


SFDR 


Device 


(Bits) 


(MSPS) 


(dBc) 


(dBc) 


ADS5444 


13 


250 


68 at 230 MHz IF 


75 at 230 MHz IF 


ADS5440 


13 


210 


68 at 230 MHz IF 


79 at 230 MHz IF 


ADS5500 


14 


125 


69.5 at 100 MHz IF 


82 at 100 MHz IF 


ADS5424 


14 


105 


74 at 50 MHz IF 


93 at 50 MHz IF 


ADS5541 


14 


105 


71 at 100 MHz IF 


86 at 100 MHz IF 


ADS5423 


14 


80 


74 at 50 MHz IF 


94 at 50 MHz IF 


ADS5520 


12 


125 


68.7 at 100 MHz IF 


82 at 100 MHz IF 


ADS5521 


12 


105 


69 at 100 MHz IF 


86 at 100 MHz IF 




► Applications 

- Software-defined radio 

- Base stations: 

- Wideband receiver 

- High IF receiver 

- PA linearization 

- Instrumentation 

- Test and Measurement 



► Features 

- 100 MHz IF: SNR 
SFDR = 73 dBc 



68.7 dBc; 



IB 



230 MHz IF: SNR = 68 dBc; 
SFDR = 75 dBc 

Fully buffered analog inputs 

2.2 Vpp differential input 
voltage 

3.3 V LVDS compatible 
outputs 

TQFP-80 PowerPAD™ 
package 

Industrial temperature 
range -40°C to +85°C 

Price: $95 1k 



Amplifier and Data Converter 
Datasheets, Samples, Eva 

www.ti.com/ads5444 ° 800.477.8924, ext. 2695 



New! 

Selection Guide, 
luation Modules 
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Technology for Innovators 1(p Texas Instruments 



PowerPAD, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 171 AO 



© 2005 TI 
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30 Platform simplifies video 



30 GSM phone on chip targets handsets 

Research Update: Physicists force six atoms 
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Design Today, Prototype Tomorrow 

Superior Design Tools and Resources for the Analog Designer 



Na t ion a I 

Semiconductor . 



^webench!^ 



Help i^Zf 



1 Choose a Part > 2 Create a Design 



3 



Analyze a Design 



Electrical Simulation i 




Y Mr Designs ^ 
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WEBENCH® Online Tools 

Get to market faster by 
accelerating your design process. 
WEBENCH® tools allow you to 
select products, design, and receive 
a custom prototype kit in 24 hours. 
webench.national.com 




I Application Solutions 

Over 100 interactive system 
block diagrams with a list of rec- 
ommended parts for: automotive, 
broadcast video, data communica- 
tions, displays, industrial, medical, 
and consumer applications. 
solutions.national.com 



mm^ 24/7 Online Seminars 
Jm> View over 50 on-demand 
design focused seminars for 
power, amplifiers, audio, data 
acquisition, interface, and thermal 
management. 

www.national.com/onlineseminar 




Analog University® 

Get your design right the 
first time. Log on to Analog 
University for fast, free information 
from the pros at National, including 
in-depth design courses. 
analogU.national.com 



Na t ion a I 
(/r Semiconductor 



online contents 

www.edn.com 



Check out these online-exclusive articles: 
IP and EDA start-up wants to make SOCs 
asynchronous 

Silistix, an IP-bus and EDA start-up origi- 
nating from research performed by the 
University of Manchester and funded by 
Intel Capital, wants to help you make the 
next generation of SOCs (systems on 
chips) asynchronous. 
www.edn.com/article/CA6292075 

IEEE makes SystemC an official standard 

The Open SystemC Initiative is seeing its 
hard work finally pay off as this week the 
IEEE has made SystemC an official 
standard. 
www.edn.com/article/CA6290389 



Sign up for ED/Vs RSS feeds and find 
out about new articles and blog posts 
as soon as we publish them. 

Here's the address for our main 
headline feed: 

www.edn.com/EDN 
electronics.xml?nid=255 1 

Visit this page to find all of our feeds, 
plus an introduction to the pleasures 
of RSS: 

www.edn.com/rss 




Tell your Tale, earn 
a $200 American 
Express gift check 

Submit your own Tale from the 

Cube, and, if we accept it for 
publication, you'll receive a 
$200 American Express gift 
check. Check out this issue's 
installment (pg 38) and the 
examples below, then contact 
Editor in Chief Maury Wright 
(mgwright@edn.com) with your 
Tale. 

Skunkworks project ends up 
smelling like a rose 

www.edn.com/article/ 
CA6288055 
Parts are parts 

www.edn.com/article/ 
CA6280049 




AUDIOCAST: EDM's HOT 100 
PRODUCTS OF 2005 

In case you missed it, EDN published its 
annual list of the 1 00 most significant 
products of the past year in the 
December 1 6, 2005, issue. Check out 
the URL below to review the products 
that made the cut. While you're there, 
click on the "audiocast" link to hear 
Editor in Chief Maury Wright comment 
on some of the key products and the 
trends they represent. 
www.edn.com/article/CA6290449 



FROM THE VAULT 

Articles and extras from the EDN archives that relate to this issue's contents. 



DESIGN CHALLENGES STEER 
AUTOMOTIVE ELECTRONICS (pg 61): 





Traction control: It's all about u 

www.edn.com/article/CA625001 8 
Automotive FPGA family gets high-end 
models 

www.edn.com/article/CA6262488 
Black boxes capture car-crash data, 
controversy 

www.edn.com/article/CA529380 
Engines of change: Microcontrollers 
evolve for the open road 

www.edn.com/article/CA608880 
Electronics challenge the car's power grid 
^www.edn.com/article/CA608888 



CHOOSING HIGH-SPEED 
AMPLIFIERS FOR NOISE-SENSITIVE 
APPLICATIONS (pg 41): 
The taming of the slew 

www.edn.com/article/CA32301 7 

DESIGNING RF-IC FILTERS USING AN 
AUTOMATED CIRCUIT AND 
LAYOUT SYNTHESIS (pg 71): 
Cadence spins design kit for RF design 

www.edn.com/article/CA6291 134 
Tight squeeze: RF design 

www.edn.com/article/CA336864 



SERIAL STREAMS SHRINK 
EMBEDDED-SYSTEM DESIGNS 

(pg 52): 

Pump it up: PCI Express 

www.edn.com/article/CA31 6047 
Fabric technologies reach the 
mezzanine level 

www.edn.com/article/CA605525 
Profit with plug-in processors 
^www.edn.com/article/CA238439 
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©2005 Microsoft Corporation. All rights reserved. 

Microsoft, Windows CE and Windows Embedded are either registered trademarks or trademarks of 
Microsoft Corporation in the United States and/or other countries. The names of actual companies 
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We Put the Power of 

Windows Embedded in our Robots 



Each day, device developers like Robert Bonin are harnessing the 
power of Microsoft® Windows Embedded to build great devices, like 
the latest industrial robots from Chaveriat Robotique. 

Microsoft® Windows CE provides hard real-time capability to their 
robots and powers a user-friendly handheld device which enables 
factory floor personnel to make program changes on the fly. With 
these and other innovations based on Windows CE, Chaveriat Robot- 
ique has reasserted itself as a serious force in the world of robotic 
arms, with robots that are more functional and less expensive. 

What's more, Windows Embedded offers the timesaving tools, 
operating system technologies and thousands of drivers device 
developers need — so that they have the power to truly innovate. 

We chose Windows CE because it offers 
real-time and graphics at the right price.99 

— ROBERT BONIN / Research & Development Manager 

Chaveriat Robotique / France 

The Power to Build Great Devices — get it with Windows CE, 
Windows XP Embedded, or Windows Embedded for Point of Service. 
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/ Windows Embedded 
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BY MAURY WRIGHT, EDITOR IN CHIEF 



802.1 1 n progress: 
consensus building or end run? 

The industry has well-documented the impasse in the IEEE 
802.1 ln-standard development for next-generation WiFi 
wireless LANs. Intel and Broadcom led factions that 
agreed only to disagree. In the summer, the IEEE commit- 
tee formed a joint-proposal group to bring consensus to 
the effort. Intel, along with conspirators Atheros and 
Broadcom, meanwhile, was planning an end run by privately develop- 
ing a spec that it launched publicly under the EWC (Enhanced 
Wireless Consortium). The true motives of the players may never be 
fully evident, but it looks as though the EWC play will win the day. 



When the EWC story broke in Octo- 
ber, I wondered what could convince 
Broadcom and Intel to suddenly 
become partners. I speculated that the 
success that Airgo Networks was hav- 
ing with its MIMO (multiple-input, 
multiple-output) technology led to the 
unlikely partnership (Reference 1). 
I've had several EWC players try to 
convince me of a different sequence of 
events. 

According to Atheros CTO William 
McFarland, Intel and Atheros early this 
year began work on what became the 
EWC to prove interoperability. The two 
companies agreed to separately build 
products to what had been the Intel-led 
TGn Sync proposal to 802.11. 

This industry doesn't always keep 
secrets well, and players often strategi- 
cally leak information. It's unclear how 
Broadcom learned of Intel's and Ath- 
eros' efforts, but McFarland claims they 
led Broadcom to ask to participate, and 
the EWC was formed. Broadcom may 
have been afraid that Intel and Ather- 
os were close to launching proprietary 
products attempting to create a de facto 
standard. 
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Broadcom may 
have been afraid 
that Intel and 
Atheros were 
close to launching 
proprietary prod- 
ucts attempting 
to create a de 
facto standard. 

When the companies launched 
EWC, some participants in the IEEE 
joint-proposal group were blatantly 
unhappy. At the time, Greg Raleigh, 
Airgo president and CEO, lamented 
that the joint-proposal group was final- 
ly making progress and that the EWC 
would simply derail that progress. Oth- 
ers, such as participants from the 
mobile-phone and consumer- electron- 
ics communities, were upset that the 
EWC spec lacked provisions critical to 
the integration of 802.1 In into hand- 
sets and to the use of 802.1 In for car- 
rying video in the home. 



Fast-forward, and the EWC group 
claims to have taken steps to appease 
the handset and consumer factions. 
McFarland claims that the EWC 
founders started with a basic spec to 
achieve compromise and consensus. 
The EWC has agreed to add provisions 
for the other constituencies, although 
it is still working out some of the details. 

Airgo, meanwhile, still hasn't joined 
the EWC. Beau Beck, Airgo 's vice pres- 
ident of business development, con- 
tends that Airgo would gain little at 
this point by doing so. In fact, he 
claims, the EWC has basically evolved 
to the point at which the joint-proposal 
team stood earlier in the year. After the 
November meeting of the IEEE 
802.1 In committee in Vancouver, the 
EWC claimed that the joint proposal 
and EWC specs "are approximately 
85% aligned." 

So why did the EWC start? I still 
think fear of Airgo was a factor. I also 
suspect that Intel figured it could use 
the strategy to get a jump-start in build- 
ing 802.1 In chips. But Airgo 's Beck 
states, "If you build what you called out 
in June, then it's not going to be com- 
patible with the EWC spec today." 

Still, I expect MIMO chips from 
numerous sources before 802.1 In 
becomes a reality. Start-up Metalink is 
already claiming compatibility with the 
draft standard with two ICs. I'd expect 
an announcement from Atheros and 
Marvell soon. And I'm betting that 
Intel is hoping that this impasse and 
end run will finally allow it to get in the 
wireless game. Yeah, I know all about 
Centrino. But many Centrino note- 
books have Intel 802.1 1 inside, and the 
company has stumbled badly technol- 
ogy wise in 802.1 1. But perhaps that's a 
topic for another column.EDN 

REFERENCE 

El Wright, Maury, "Intel and Broad- 
com push new WLAN spec, fear 
makes strange bedfellows," Oct 1 0, 
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than 30,000 RF engineers use Agilent EEsof EDA 




£AGLEWAR£ 



E L A N I X 

Eagleware-Elanix is now part of Agilent EEsof EDA. 



www.agilent.com/find/eesof-innovations 



There's truth in numbers. Agilent EEsof EDA is the top design 
software choice among engineers for the vast majority of the 
world's wireless devices. 

The fact is derived from software products with undisputed 
breadth of functionality. Agilent EEsof EDA applications 
were created for RF engineers by RF engineers. They have 
the capabilities you need the most. And now with the addition 
of Eagleware-Elanix you have further ease of use, new 
synthesis technology, and additional pricing options other 
products can't touch. Agilent's team of EDA experts 
releases multiple improvement updates each year. And 
Agilent has the largest number of technology partners, 
application examples, and technical articles in the industry. 

Work the proof yourself. Agilent EEsof EDA can be customized 
to fit the precise needs of your projects and budget. Visit 
www.agilent.com/find/eesof-innovations to find out more. 



© Agilent Technologies, Inc. 2005 
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Analog Circuits Made Easy ™ 

www. that corp . com 

THAT, InGenius and (t) are registered trademarks of THAT Corporation 



PC-HOSTED LOGIC ANALYZER 




Digital Test, Easy and Simple 



►72 Channels @250MHz 
►36 Channels® 500MHz 



►Up to 4 Meg/Channel 
►Transitional Timing 



See the 
solution 
quickly 




NCI 



"Your Eyes into 
the Digital World" 



Logic Ana/yzers 



www.nci-usa.com 

Phone 256-837-6667 • Fax 256-837-5221 
email: contact@nci-usa.com 
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Improving Machinery Vibration Analysis 

— By Walter Bacharowski, Applications Engineer 

Machinery downtime during normal shift operations is very costly due to 
lost production, but it is also avoidable. Preventative maintenance systems 
are being used to improve the operating efficiency of machinery used in 
factories, power plants, mining, and many other operations. 

Diagnostic electronics, used in newer preventative maintenance programs, 
monitor the operating parameters of the machine. For example, a roller mill 
may have several large electric motors and rollers, all of which have bearings, 
a hydraulic pump, and a variety of hydraulic actuators. A preventative 
maintenance system for this type of equipment could include electronic 
monitoring equipment to measure bearing vibration and temperature, 
hydraulic fluid pressure and temperature, and motor temperature. 

Vibration analysis, which is the measurement of vibrations generated by 
moving parts in the frequency range of 50 Hz to 10 kHz, can be used to 
monitor the condition of bearings and other moving components. Ultrasonic 
analysis, an extension of vibration analysis, uses higher frequencies in the 
1 5 kHz to 40 kHz range. Changes are detected through spectral analysis of 
the generated frequencies in the moving components due to wear or damage. 
As parts wear, the magnitude of the vibrations and ultrasonic noise will 
increase. An increase of about 12 dB indicates possible impending failure. 
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GPS Application 



LMP7712 



ADC128S052 




Precision Amplifiers 



Product ID 


Key Features 


Typ Supply 

Current 

<mA} 


Supply 
Voltage 
Range (V) 


Max Input 
Offset Voltage 
(mV> 


Unity Gain 
Bandwidth 
(MHz) 


Low Input 
Current CMOS 
Design 


Temp Range 

(°C) 


LMP7712 


Precision, low-noise RRO dual CMOS 


1.15 


1.8 to 5.5 


0.15 


17 


✓ 


-40 to +125 


LMP7702 


Precision, 12V RRIO dual CMOS 


0.73 


2.7 to 12 


0.2 


2.5 


✓ 


-40 to +125 


LMP2012 


90% power saving RRO performance amp 


1.2 


2.7 to 5.25 


0.025 


3 




-40 to +125 



Serial Peripheral Interface (SPI) ADCs for 8-Channel Applications 



Product ID 


Res 


#of 
Inputs 


Pin/Function 
Compatible 


Throughput 
Rate (USPS) 


Input Type 


Max Power 
5V/3V(mW> 


Supply (V) 


Max INL 
(LBS) 


Min SINAD 

(dB) 


7 ; ' ; 
Packaging 


ADC78H90 


12 


8 






500 


Single ended 


12/8.3 


2.7 to 5.25 


±1.0 


70 


TSSOP-16 


ADC128S102 


12 


8 






500 to 1000 


Single ended 


15.5/4.5 


2.7 to 5.25 


±1.2 


70 


TSSOP-16 


ADC128S052 


12 


8 






200 to 500 


Single ended 


13/3.6 


2.7 to 5.25 


±1.0 


70 


TSSOP-16 


ADC128S022 


12 


8 






50 to 200 


Single ended 


11.5/3.3 


2.7 to 5.25 


±1.0 


70 


TSSOP-16 


ADC108S102 


10 


8 


500 to 1000 


Single ended 


13.6/4.2 


2.7 to 5.25 


±0.5 


61.3 


TSSOP-16 


ADC108S052 


10 


8 






200 to 500 


Single ended 


12.1/3.3 


2.7 to 5.25 


±0.4 


61.3 


TSSOP-16 


ADC108S022 


10 


8 






50 to 200 


Single ended 


10.5/2.8 


2.7 to 5.25 


±0.3 


61.3 


TSSOP-16 


ADC088S102 


8 


8 






500 to 1000 


Single ended 


11/3.6 


2.7 to 5.25 


±0.2 


49.2 


TSSOP-16 


ADC088S052 


8 


8 


J 




200 to 500 


Single ended 


8.5/3 


2.7 to 5.25 


+0.2 


49.2 


TSSOP-16 


ADC088S022 


8 


8 




- 


50 to 200 


Single ended 


7.8/2.2 


2.7 to 5.25 


±0.2 


49.2 


TSSOP-16 
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This type of monitoring allows repairs to be made 
before the component fails. In many cases, vibration 
analysis and ultrasonic analysis require two different 
pieces of equipment. A single, cost-effective instru- 
ment that can monitor the complete frequency 
range would be useful. A schematic diagram of a 
vibration and ultrasonic analysis signal chain is 
shown in Figure 1. 

The piezoelectric sensor senses the vibrations and 
ultrasonic noise generated by the bearings. The 
piezoelectric element is buffered internally by a 
MOSFET, which is driven by a constant current 
source, amplifier A4, and is internally AC coupled 
to the filter. Amplifiers Al, A2, and A3 implement 
a gain of 41.9 dB in conjunction with a 6-pole 
low-pass filter. The ADC121S021 Analog-to-Digital 
Converter (ADC), which operates at a 200 kHz 
sampling rate, digitizes the amplified and filtered 
signal. The microprocessors software performs a 
FFT (Fast Fourier Transform) on the data to obtain 
the frequency and magnitude information. The 
pass band of the circuitry shown is about 40 kHz. 
A typical wide band vibration sensor has a transfer 
function in the form of Figure 2. 



E 



•■= dB — | 
| -3 (IB 




Figure 2. Sensor Transfer Function 

The low frequency will start to roll off around 
30 Hz and will be relatively flat until a resonance 
frequency occurs at 65 kHz, after which the response 
falls rapidly. The peak-to-peak amplitude in the 
flat band is about 32 mVp.p and will be amplified 
to 4 Vp.p. The gain will be: 



4.096V 
0.032 



= 128 



A gain of 125 will be used to provide some margin. 



In relation to the maximum signal frequency of 
interest, 40 kHz in this case, the sampling rate is a 
concern. To avoid aliasing frequencies higher then 
the Nyquist rate, ] h the sampling frequency must 
be filtered and reduced in amplitude to less then 
1 LSB of the ADC. In this example, a 12-bit 
ADC is being used with a 4.096V reference, 
which results in a resolution of 1 mV as follows: 



4.096V 
4096 



0.001V 



To have a realizable filter in sampled data systems, 
there must be some separation between the highest 
frequency to be measured and the Nyquist frequency 
of the ADC. The result is over sampling the signal, 
but the filter can reduce or eliminate aliasing. 
Figure 1 uses the ADC121S021, which is a 12-bit, 
200k Samples Per Second (kSPS) ADC. When this 
ADC is converting at 200 kSPS, the Nyquist 
frequency will be 1 00 kHz. The output signal of the 
sensor is about 8 mVp.p at 100 kHz and the gain 
required to reduce this signal to less then 1 mVp_p is: 



20 log 



0.001V 
0.008V 



-18 dB 



The difference between the 100 kHz and the 40 kHz 
signal is 60 kHz or 0.6 of a frequency decade. At 
40 kHz, the gain is: 

20 log ( 125 ^v) - 41.9 dB 
The required filter roll off is: 

(-41.9dB + (-18dB)) _ MaHR/ 



0.6 decade 

Or at least a 5-pole filter: 

-99.8 dB/ 

/decade 



decade 



-20 dB, 



= 4.99 poles 



/decade/ 



/pole 

An amplifier can easily implement a 2-pole filter, 
so three amplifiers will be used, resulting in each 
amplifier having a pass band gain of 5. The pass 
band characteristic of the filter is a result of the 
gain bandwidth of the amplifier and the placement 
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Ultrasonic Receiver and Spectral Analyzer 



Amplifier and Amplifier and 
Band Pass Filter Band Pass Filter 




Ultrasonic 
Transducer 
Receiver 



LMP7711 



LMP7711 



► 



ADC121S051 




DAC121S101 



Mixer 



Local Oscillator 
VCO 



Processor 



► 

^ LM4990 

Audio Amplifier 



LMP7711 Input Voltage Noise vs Frequency 
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LMP7711 Features 

• Offset voltage, V os , less than 150 for better 
initial accuracy 

• Maximum TCV 0S of 4 pV/°C ensures accuracy 
from -40°Cto125°C 

• Low 1/f noise at 6.8 nV/VRz at 1 kHz 

• Ultra-low input bias current 100 fA, for high 
impedance sensor interfacing 



Precision Op Amps 



LMP7701 Features 

• Offset voltage, V os , less than 300 pV for better 
initial accuracy 

• Guaranteed 2.7V to 12V operation over -40°C to 125°C 

• Ultra-low input bias current, 200 fA, for high 
impedance sensor interfacing 

• High PSRR (110 dB) ensures higher accuracy with 
noisy supplies 

• High CMRR (110 dB) ensures high accuracy over 
a wide input range 







Typ Supply 


Supply 


Max 


nput 


Unity 


Product 




Current 


Voltage 


yum 




Band 


ID 


Key Features 


<mA)- 


Range (V) 


Voltai 


je (mV) 


(MHz 


LMP7711 


Precision, low-noise RRO CMOS 


1.15 


1.8 to 5.5 


0.15 




17 


LMP7701 


Precision, 12VRR10 CMOS 


0.73 


2.7 to 12 


0.2 




2.5 


LMV651 


90% Power saving RRO performance amp 


0.11 


2.7 to 5.5 


1.0 




12 


LMV791 


Low-noise, low l B | AS RRO 


0.95 


1.8 to 5.5 


1.3 




14 


LPV511 


880 nA, Ultra-low power 12V RRIO 


880 nA 


2.7 to 12 


3.0 




0.027 
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Distance and Speed Measurement Application 



Ultrasonic 
Transducer 

Receiver Amplifier and Amplifier and 

Band Pass Filter Band Pass Filter 



^LMP7711 t^J- MP7711 

► ► 




^ Pnmna 



LMV7219 ADC121S101 



Comparator 




DAC121S101 



LMH6672 




LMV791 




Ultrasonic 
1 — 1 Transducer 
Transmitter 



Serial Peripheral Interface (SPI) ADCs and DACs for Single-Channel Applications 

• Guaranteed performance over sample rates • Pin- and function-compatible family 

• Excellent static and dynamic performance • Extremely low power 

• Miniature packages reduce board space • Reference from supply 



Processor 



ADCs for Single-Channel Applications 



Product ID 


Res 


#of 
Inputs 


Pin/Function 
Compatible 


Throughput 
Rate (kSPS) 




Input Type 


Max Power 
5V/3V (mW) 


Supply (V) 


Max INL 
(LBS) 


Min SINAD 

<dB) 


Packaging 


ADC121S101 


12 








500 to 1000 




Single ended 


16/4.5 


2.7 to 5.25 


±1.1 


70 


S0T23-6, LLP-6 


ADC121S051 


12 








200 to 500 




Single ended 


15.8/4.7 


2.7 to 5.25 


±1.0 


70.3 


S0T23-6, LLP-6 


ADC121S021 


12 








50 to 200 




Single ended 


14.7/4.3 


2.7 to 5.25 


±1.0 


70 


S0T23-6, LLP-6 


ADC101S101 


10 








500 to 1000 




Single ended 


16/4.5 


2.7 to 5.25 


±0.7 


61 


S0T23-6 


ADC101S051 


10 








200 to 500 




Single ended 


13.7/4.3 


2.7 to 5.25 


±0.7 


60.8 


S0T23-6 


ADC101S021 


10 








50 to 200 




Single ended 


12.6/4 


2.7 to 5.25 


±0.6 


60.7 


S0T23-6 


ADC081S101 


8 








500 to 1000 




Single ended 


16/4.5 


2.7 to 5.25 


±0.3 


49 


S0T23-6 


ADC081S051 


8 




i 


I 


200 to 500 




Single ended 


12.6/3.6 


2.7 to 5.25 


±0.3 


49 


S0T23-6 


ADC081S021 


8 








50 to 200 




Single ended 


11.6/3.24 


2.7 to 5.25 


±0.3 


49 


S0T23-6 


ADC121S625* 


12 






50 to 200 




Differential 


2.8 


4.5 to 5.5 


±1.0 


68.5 


MSOP-8 



*Uses external reference 



DACs for Single-Channel Applications 



Product ID 


Res 


#of 


Pin/Function 


Settling 




Max Power 


Supply (V) 


Max INL 


Max DNL 


Packaging 


Inputs 


Compatible 


Time (ps) 


Input Type 


5V/3V {mW)* 


(LBS) 


(LBS) 


DAC121S101 


12 


1 




10 


Single ended 


1.5/0.7 


2.7 to 5.5 


±8.0 


+1.0/-0.7 


S0T23-6, MSOP-8 


DAC101S101 


10 


1 




7.5 


Single ended 


1.6/0.7 


2.7 to 5.5 


±2.8 


+0.35/-0.2 


SOT23-6, MSOP-8 


DACQ81S101 


8 


1 




5 


Single ended 


1.6/0.7 


2.7 to 5.5 


±0.75 


±0.1 


SOT23-6, MSOP-8 



*Fsclk = 20MHz 
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7-Pole Low-Pass Filter 
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Figure 3. 7-Pole Low-Pass Filter 



of the poles in the amplifiers feedback. Each filter 
stage can be considered as a non-inverting gain 
stage of 5V/V with two poles. The gain bandwidth 
of the amplifier required to keep the amplitude 
error less then 1 LSB at 40 kHz can be calculated 
as follows: 

40 kHz x 5 = 1282Q kHz=12 g MHz 
0.0156 

The denominator, 0.0156, in the previous calculation 
is the effective bandwidth of an amplifier for 13-bit 
accuracy given its -3 dB point. The LMP77 1 1 
precision amplifier, with 17 MHz gain bandwidth 
and a typical offset voltage of 20 uV, is a good 
choice for this type of application. The output of 
amplifier A3 is isolated from the switched capacitor 
input of the ADC by the 180Q resistor and the 
470 pF capacitor which adds an additional pole to 
the anti-alias filter. Figure 3 shows the estimated 
response of the low-pass filter. 

The ADC121S021 is a single-ended input, 12-bit, 
200 kSPS converter with a Serial Peripheral Interface 
(SPI). An LM4140ACM-4.1 precision voltage 



reference is the ADC's reference and biases the filter 
amplifiers to half of the ADC's input range. The 
sensor's output is an AC signal, and the mid-scale 
offset level shifts the signal to the center of the 
ADC's range. The LM4140 is also the reference 
voltage for the voltage controlled current source 
using the LM7301, amplifier A4, a general purpose 
32V amplifier. Internal to the sensor, a MOSFET 
transistor buffers the piezoelectric sensor element. 
The current source drives the MOSFET, which is 
connected as a common source amplifier and is 
AC coupled to the output terminal. 

Another aspect of machine monitoring is the 
measurement and analysis of hydraulic pressure 
transients in hydraulic control systems. For example, 
hydraulic hammer occurs when flow control valves 
have a fast shutoff and the fluid momentum causes 
a banging effect within the fluid system, Hydraulic 
hammer can damage and cause premature failure 
of hydraulic components and systems. These systems 
are designed to safely absorb the hydraulic energy. 
Figure 4 is a schematic of a hydraulic pressure 
monitoring system. 
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This signal chain can be used to monitor pressure 
fluctuations as well as to conduct spectral analysis 
of the pressure fluctuations. As in Figure 2, the 
frequency response of the sensor and amplifier 
must eliminate frequency components above the 
Nyquist frequency. In this case, the frequency 
response of the pressure sensor and the hydraulic 
system naturally band limit the pressure signals to 
about 3 kHz to 4 kHz. This reduces the filter 
requirements of the amplifier circuits. This amplifier, 
made up of Al and A2, is the input stage of an 
instrumentation amplifier and provides a differential 
input and a differential output with a gain of 
100V/V. The 200 pF capacitors provide a pole at 
8 kHz for additional filtering. The amplifiers' 
outputs are isolated from the switched capacitor 
inputs of the ADC by the 180Q resistors and the 
470 pF capacitors. 



The pressure sensor in this example is a resistive 
bridge and the sensor s output is a function of the 
change in resistance and the voltage driving it. 
The sensor used in Figure 3 has a sensitivity of 
0.2 mV/V of bridge excitation voltage per PSI of 
pressure. The DAC081S101 is an 8-bit DAC and 
is used to change the voltage driving the bridge 
which has the effect of a gain control for the 
pressure measurement circuit. For example, if the 
DAC s output is programmed to 4V, then the 
full-scale pressure is 25.6 PSI. With an output 
voltage of IV, the full-scale pressure is 102 PSI. 

In summary, the circuitry shown can be used to 
implement a cost-effective, dedicated machine 
monitoring system. ■ 

View over 50 on-demand design focused seminars at 
www.national.com/onIineseminar 




Figure 4. Hydraulic Pressure Monitoring System 
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The Analog by Design Show 

Tune in to National's Analog by Design Show, hosted by Bob Pease, 
for in-depth technical discussion and lab demonstrations including: 

• How not to design a noise-amplifying preamplifier 

• How to properly specify a low-noise op amp 

• How to test whether an op amp model includes effects of noise 

• New WEBENCH® Low-Pass Active Filter Evaluation Board 

• Compare WEBENCH simulation results with bench-test results 

WEBENCH Active Filter Designer speeds the creation of sophisticated 
filters for data acquisition and signal conditioning applications. 

Check out the new episode atwww.national.com/nationaltv 

WaveVision 4.0 Evaluation Board 

Test and evaluate A/D converters with Nationals easy-to use 
WaveVision 4.0 evaluation board. Each evaluation board comes 
complete with USB cable and support software. 

Features and benefits: 

• Plug-n-play ADC evaluation board 
•USB interface to PC 

• PC-based data capture 

• Easy data capture and evaluation 

• Highlighted harmonic and SFDR frequencies 

• Easy waveform examination 

• Produces and displays FFT plots 

• Dynamic performance parameter readout with FFT 

• Produces and displays histograms 
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Through advancing a diverse range of technologies for the fast-paced 
communications and broadcasting fields, 
ALPS is helping turn the dream of a comprehensive multimedia society into a reality. 
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Bluetooth™ module 



Built-in demodulator tuner for 
digital terrestrial broadcasting 



Optical communication lenses 



Bluetooth™ is a trademark owned by Telefonaktiebolaget L M Ericsson, Sweden and licensed to ALPS ELECTRIC CO., LTD. 

Visit our Web site for more details: http://www.alps.com 
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FT232R usb uart with 

MCU Clock Generator and 
FTDIChip-ID™ Security Dongle 

A MORE 



Integration - EEPROM, internal clock generator, and 
USB termination resistors on-chip. 
Functionality - integrates the functions of USB UART, 
MCU clock generator and Security Dongle into a single 
chip. 

Flexibility - five 10 pins can each be user configured 
as Sleep, Transmit Enable, Power Enable, MCU Clock 
Output, TX/RX LED Drive or GPIO Pin 
Security - FTDIChip-ID™ technology helps protect 
your application software. 

I/O Drive Capability - from 5.5v down to 1 .8v levels at 
4mA or 12mA programmable strength. 
I/O Modes - synchronous and asynchronous Bit-Bang 
I/O 

OS Support - in house developed & supported drivers 
for Windows 98,ME,2K, Server 2003, XP, XP64, 
Embedded XP, Mac OS8,9,X, Linux, Win CE + many 
3rd party drivers. 

Driver Options - VCP and D2XX drivers for all 
Windows platforms and Linux. 
Technical Support - a wide range of evaluation kits 
available from the outset make evaluating the FT232R 
a snap. 

Package Choices - SSOP28 and QFN32 
Interface Options - also available with a parallel FIFO 
interface 
( p/n FT245R ). 



External Components - no crystal, EEPROM or USB 
termination resistors required. 
Board Space - new QFN package takes up only 
25mm 2 of pcb area. 

Manufacturing Cost - minimal external component 
count coupled with competitive pricing reduces the 
overall cost. 

Programming - FT232R comes pre-programmed with 
each part having a unique USB serial number burnt in. 
This eliminates the need to program the EEPROM in 
many cases and saves on production time / cost. 
Time to Market - FT232R eliminates USB driver 
and firmware development in most cases 
thus significantly reducing 
time to market. 
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INNOVATIONS & INNOVATORS 



PMC card fits multimedia applications 

Curtiss-Wright Controls has introduced the AtlasPMC/2, a dual-channel, high-resolution 
PMC graphics controller featuring a range of multimedia features for VM E, CompactPCI, 
and PCI systems. The company based the card on ATI Technologies' Radeon M9 mobile 
graphics processor, which supports dual 2-D-, 3-D-, OpenGL-, and DirectX-compatible displays 
with as many as 16.7 million colors. In addition to its 64 Mbytes of integrated memory, the 
Windows-compatible graphics processor delivers reduced-power features, integrated video out- 
put, and quad-pipeline 2-D/3-D acceleration. 

The AtlasPMC/2 displays analog VGA 
screen resolutions as great as 1920x1200 
pixels over its front-panel DVI-I and MDR20 
connectors. Designers can also configure the 
card to output dual DVI (digital-video-input) 
channels at resolutions as high as 1600X 
1 200 pixels. The card's second channel sup- 
ports NTSC and PAL TV-video-signal output. A 
USB 2.0 host controller and stereo-audio con- 
troller complete the card's multimedia features. 
Software drivers are compatible with the 
Solaris, Linux, Windows, VxWorks, and LynxOS 
operating systems. Price for the AtlasPMC/2 is 
$2500 (one).-by Warren Webb 
Curtiss-Wright's new AtlasPMC/2 graphics >Curtiss- Wright Controls Embedded 

card features VGA/DVI qraphics, video/ . .- , , 

r^r^/™„- ■■ ,!x lllf>nnA Computing, www.cwcembedded.com. 

RGB/DVI input, audio I/O, and USB 2.0. K a ' 



ADC blazes at 1 90M samples/sec but sips power 




The new ADS5546 ADC from Texas In- 
struments targets applications in wireless 
communications, video and imaging, test and 
measurement, and instrumentation. The chip 
offers 73.2-dB full-scale SNR and 84-dBc 
SFDR (spurious-free dynamic range) at the 
maximum sample rate of 190M samples/sec 
with an input frequency of 70 MHz. The 
ADS5546 has user-selectable CMOS or DDR 
LVDS outputs. "The output flexibility of the 
ADS5546 makes it possible to interface with 
a variety of Tl's DSPs for signal postprocess- 
ing," says Tl's Yiannis Papantonopoulos, sys- 



tems and applications manager for high-speed 
DACs. In addition, the device includes internal 
sample and hold, a low-jitter clock buffer, and 
internal or external reference capability. 

Dissipating 1.1 W of total power, it operates 
from a single 3.3V supply and operates over 
the industrial-temperature range of —40 to 
+85°C. The device is available for sampling 
now, and Tl expects volume production in the 
second quarter of this year. The chip comes in 
a 48-pin, 7x7-mm QFN package and costs 
$72.50 (1 000).-by Margery Conner 
Texas Instruments, www.ti.com. 



SiGe power amp 
targets PHS 
handsets to WiFi 

Toshiba based its new TA4401- 
CT power amplifier on three 
cascaded RF stages that target 
linearity, efficiency, and low pow- 
er in wireless applications in 
bands ranging from 1 .9 to 2.5 
GHz. The targets include PHS 
(personal-handy-system) hand- 
sets, Bluetooth products, and 
802.1 1 b/g wireless-LAN appli- 
cations. In an application such 
as 802.1 1 g, the typical power 
draw is a miserly 1 25 mA. In 
PHS, a popular, low-cost cellular 
standard in China, the amplifier 
offers as much as 23-dBm out- 
put power. In shutdown mode, 
leakage is approximately 1 nA. 
Available in a 1 6-pin chip-scale 
package, the SiGe (silicon-ger- 
manium) power amp sells for $1 
(sample quantities). Volume pro- 
duction will begin in the second 
quarter— by Maury Wright 

Toshiba Corp, www.toshiba. 
com. 
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The TA4401 CT power amplifier 
draws on three cascaded RF 
stages for linearity, efficiency, and 
low power. 
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Scopes' array of features, performance, 
size, and price breaks new ground 



To change the landscape 
in the market, a new dig- 
ital-oscilloscope tamily 
needn't otter the industry's 
widest bandwidth or highest 
sampling rate, especially when 
the new instruments break 
ground in other ways. Tek- 
tronix's DPO 7000 series has 
500-MHz, 1-GHz, and 2.5-GHz 
bandwidths, and two ot the 
units capture 40G samples/sec 
on one channel. Only much 
more expensive, greater-than 
1 0-G Hz-bandwidth scopes 
equal that rate— albeit on two 
channels simultaneously. 

Equally revolutionary, espe- 
cially in a series whose prices 
start at $14,000, is the 2.5- 
GHz unit's optional 400M-sam- 
ple memory depth. Moreover, 
when you use the scope in the 
single-channel mode, you can 
assign all ot the memory to the 
one active channel, but you 
needn't assign the unused 
ADCs to that channel. Hence, at 
10G samples/sec— tour times 
the scope's -3-dB bandwidth- 
you can capture an unprece- 
dented 40-msec record (equiv- 
alent to two tull cycles ot the 
European 50-Hz ac-line fre- 
quency). The 4X oversampling 
is more than adequate for pre- 
venting aliasing and is usually 
acceptable for reconstructing 
signals at the full 2.5-GHz 
bandwidth. Interleaving two or 



all four ADCs reduces the 
record duration to 20 or 10 
msec but can improve the ren- 
dition of waveform details— in 
practice, though not in theory— 
by increasing the oversampling 
to 8X with two ADCs inter- 
leaved or 1 6X with four. 

In addition, Tek delivers this 
performance in a package 
whose approximately 12-in. 
depth saves precious benchtop 
space compared with more 
conventional scopes and sports 
the industry's largest 12.1 -in- 
diagonal, touch-sensitive, color 
LCD screen, which has 1024X 
768-pixel resolution. 

Another major development 




The three members of the four- 
channel DPO 7000 series offer 
bandwidths of 500 MHz, 1 , 
GHz and 2 GHz; 1 2.1 -in. XGA- 
resolution screens; very deep 
memories, which you can make 
even deeper by purchasing the 
deep-memory option; and DPX 
technology, which enables fast 
capture and color-graded dis- 
play of 1 000-point records. 



in the new series is the fourth 
generation of FastAcq mode, 
Tek's proprietary DPX digital- 
phosphor technology. Unlike 
earlier implementations, which 
offered only 1.25G samples/ 
sec, the new version works at 
sampling rates as high as 40G 
samples/sec, a 32-times rate 
increase. The mode radically re- 
duces the scope's "blind time," 
during which it cannot trigger, 
and quickly reveals transitory 
aberrant phenomena by by- 
passing the conventional time- 
ordered waveform memory and 
immediately placing acquired 
samples in a 3-D color-graded 
pixel map. The mode is limited 
to short waveform records, 
however: 1000 points in the 
new implementation, increased 
from 500 points previously. In all 
three members of the DPO 
7000 series, the FastAcq mode 
captures as many as 250,000 
waveforms/sec— more than all 
but the fastest previous imple- 
mentation. 

The new series also marks 
the introduction of the TekVPI 
(Versatile Probing Interface) 
probing system, which enables 
intelligent bidirectional commu- 
nication between the scope and 
the probe and also accommo- 
dates older probes of conven- 
tional design. In addition to sev- 
eral active voltage probes, the 
new probe family includes a 
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$2590, 120-M Hz-bandwidth 
current probe that measures 1 
mA to 30A (50A peak) without 
an external amplifier or power 
supply. 

All units have four channels; 
standard memory is 10M 
samples/channel in four-chan- 
nel mode and 40M samples/ 
channel in one-channel mode. 
Prices for the 500-M Hz-band- 
width DPO7054, 1-GHz DP- 
07104, and 2.5-GHz DP- 
07254 are $14,000, $17,900, 
and $24,900, respectively. 
Maximum sampling rates for 
the DPO7054 on four channels 
simultaneously is 2.5G sam- 
ples/sec on each channel and 
10G samples/sec on one 
channel. The comparable fig- 
ures for the DP071 04 are 5G 
and 20G samples/sec, respec- 
tively; comparative figures for 
the DP07254 are 10G and 
40G samples/sec, respectively. 
Option 2SR doubles the 
DPO7054's sampling rate for 
$2000 and the DPO7104's 
sampling rate for $3500. Deep 
memory for the DPO7054 and 
7104 captures 50M samples/ 
channel on four channels and 
200M samples/channel on one 
channel, and the price is 
$7500. Comparable figures for 
the DP07254 are 100M and 
400M samples/channel, re- 
spectively; price is $1 5,000. 

All units come with several 
application-specific analysis- 
software packages on their hard 
drives. You can use each pack- 
age five times at no charge. If 
you wish to continue using the 
package, you must purchase 
and enter an unlock code. All 
units come with Tek's MyScope 
software, which allows you to 
create custom user interfaces. 
The scopes' prices include con- 
tinued use of MyScope, which 
requires no unlock code. 

-by Dan Strassberg 
Tektronix Inc, www. 
tektronix.com. 
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BUILT TO 
LAST 

Fanless EBX 733MHz P3 
with COM, dual ENET, 
USB and Video 



VIA 733MHz or 1GHz C3 CPU 

PC-compatible, supports Windows® 

XP, CE, Linux and x86 RTOS 

Up to 512MB PC133 SDRAM 

Up 1GB bootable DOC®, 512KB 

SRAM, or 1MB EPROM 

Type I and II CompactFlash cards 

supported up to 2GB 

CRT, flat panel, and LVDS 

Two 10/100 Ethernet controllers 

Four USB ports 

Four serial COM ports 

LPT, Kybd, and mouse 

48 bi-directional I/O lines 

Two EIDE and one floppy disk 

controller 

AC97 Audio supported 

PC/104 & PC/104-PZms expansion 

+5 volt only operation 

EBX size: 5.75" x 8.0" 

(146 mm x 203 mm) 

-40° to +85°C operation (733MHz) 

Quick Start Developers Kits for 

Windows® XP, CE, and Linux 

Immediate availability 




The EBC-C3 embeds 9 different functions to 
provide a processor- and I/O-intensive solution. 
It operates over a -40° to +85° C temperature 
range without the need of a fan, making it ideal 
for embedded applications such as robotics, 
MIL /COTS, transportation, pipeline, and 
machine control. 

It runs Windows® CE, Windows® XP embedded, 
Linux, and other operating systems as VxWorks 
and QNX. And its x86-PC software compatibility 
assures a wide range of tools to aid in your appli- 
cation's program development and checkout. 



Call 817-274-7553 or 

Visit www.winsystems.com 

Ask about our 30-day 
product evaluation! 



* * ★ 




WinSystems" 



715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
E-mail: info@winsystems.com 
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Platform simplifies video 



Texas Instruments' DM- 
6443 and DM6446 
processors are the first 
two devices in the DaVinci 
family. These devices integrate 
a 594-MHz video-optimized Tl 
C64x+ DSP core, a 297-MHz 
ARM926EJ-S processor core, 
and a video-processing sub- 
system in a single device to re- 
duce the BOM (bill-of-materi- 
als) costs for video applica- 
tions by as much as 50%. The 
C64x+ DSP core is an en- 
hancement of the C64x fixed- 
point DSP and includes an ex- 
panded instruction set. 

The ARM core incorporates 
a coprocessor and 1 5 protec- 
tion modules. The video-pro- 
cessing subsystem includes a 
configurable video-process- 
ing front-end input for video 
capture and a configurable 
video-processing back-end 
output with imaging-co- 
processor display support. 
Other peripherals include a 
10/100-Mbps Ethernet MAC 
(media-access controller) with 
a management-data I/O mod- 



ule, USB 2.0 PHY (physical)- 
layer controller, an audio-seri- 
al port, an l 2 C bus interface, 
three UARTs, three PWMs, an 
asynchronous-external-mem- 
ory interface, and a synchro- 
nous-memory interface for 
DDR2. 

The video-processing front 
end resides only in the DM- 
6446, and it comprises a CCD 
controller; a preview engine; a 
histogram module; the H3A 
autoexposure, white-balance, 
and focus module; and a resiz- 
er. The previewer real-time pro- 
cessing engine converts RGB 
Bayer-pattern data from a 
CMOS sensor or CCD to YUV- 
422. The histogram and H3A 
modules provide statistical in- 
formation on the raw color 
data. The resizer can perform 
separate horizontal and vertical 
resizings of image data ranging 
from one-quarter- to four- 
times scale in increments of 
256/n, where n is 64 to 1 024. 

The video-processing back 
end resides in both devices 
and comprises an OSD (on- 



screen-display) engine and a 
video encoder. The OSD en- 
gine can handle two separate 
video windows and two sepa- 
rate OSD windows. The video 
encoder employs four analog 
DACs operating at 54 MHz to 
support composite NTSC/ 
PAL-video, S-video, and com- 
ponent-video output. It also 
can provide as much as 24 bits 
of digital output to RGB888 
devices. The digital component 
can output 8- and 16-bit 
BT.656 output and CCIR.601 
with separate horizontal and 
vertical synchronizers. 

To aid developers, the Da- 
Vinci software infrastructure 
supports development on 
these devices from low-level 
operating system drivers to ap- 
plication-level APIs (applica- 
tion-programming interfaces) 
to enable developers to imple- 
ment digital video without de- 
veloping and optimizing the 
video codecs or programming 
the DSP. Ope rating -system 
support includes MontaVista 
Linux LSP and open-source 
Linux. The application frame- 
works and APIs enable devel- 



opers to exchange DaVinci 
components and codecs with- 
out modifying the application 
code. Developers can directly 
access the DSP and ARM 
cores. 

The DM6443 and DM6446 
are available for sampling now 
at $29.95 and $34.95 
(1 0,000), respectively. The de- 
vices are pin- and software- 
compatible; they are also soft- 
ware-compatible with previous 
generations of TMS320C64x 
devices. Software components 
and tools, including Code 
Composer Studio and Monta- 
Vista (www.mvista.com) GNU 
tools work with the DM644x 
devices, and they are available 
now. Texas Instruments offers 
video and audio codecs for 
these devices for free evalua- 
tion and licensing. The DV- 
EVM (evaluation module) is 
available now for $1995. 
Codec demos in the evalua- 
tion module include H.264, 
MPEG-4, MPEG-2, AAC + , 
and G.711. 

-by Robert Cravotta 

Texas Instruments, www. 
ti.com/thedavincieffectpr. 



GSM phone on chip targets handsets 



Silicon Laboratories recently introduced what it claims is the 
first fully integrated single-chip phone for GSM (global-sys- 
tem-for-mobile-communication)/GPRS (general-packet-ra- 
dio-system) handsets. The AeroFone Si4905 integrates the 
power-management unit, battery interface, charging circuitry, 
digital baseband, analog baseband, and quadband RF trans- 
ceiver into a single monolithic CMOS IC. According to Dan 
Rabinovitsj, the company's vice president, this level of inte- 
gration drastically reduces the BOM (bill-of-materials) cost 
for a handset and the R&D resource load for engineers. 

The device reduces the component count for a handset 
from 245 to 58. According to Stan Bruederle, research vice 
president at Gartner, this component count is lower than that 
of competing parts and results in higher yield and lower test- 
ing time for manufacturers. The device has an integrated dig- 
itally controlled crystal oscillator, which eliminates the need 
for external VCTCXO (voltage-control led-temperatu re-com- 



pensated-crystal-oscillator) modules that competitive offer- 
ings require. The device also integrates 2 Mbits of on-chip 
SRAM, which allows handset manufacturers to develop GSM 
phones without external SRAM. 

"This chip adds to the growing list of chips that use less 
space, and that's a big benefit," says Allen Nogee, principal 
analyst at In-Stat/MDR. "If the electrical specs are what 
SiLabs claim, it's also notable that SiLabs has achieved such 
good RF specs from a CMOS RF receiver. Typically, when 
you combine a receiver in a chip with other components, 
such as baseband, power management, and video, these oth- 
er components cause interference." He says that this design 
does a good job of handling those problems at the RF level. 
The AeroFone Si4905 is now available for sampling, and the 
company expects it to enter mass-production in the second 
quarter of next year.-by Jeff Berman, Contributing Editor 

Silicon Laboratories, www.silabs.com. 
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Cyclone 
economics 




I 



just got more 
economical. 



Cyclone^// The lowest-cost FPGAs ever. 

Building on the success of the original Cyclone™ family, the 90-nm Cyclone II 
family gives designers more density, more features, and more speed than 
ever before, all at a lower price. Cyclone II devices are the lowest-cost FPGAs 
ever, making them ideal for a wide range of volume-driven applications and 
creating a compelling alternative to ASICs for high-volume designs. 




When you need a company to rely on, Altera delivers. For 
high performance, more capabilities, fast time-to-market, 
and a price that will blow you away, contact us today at 
www.altera.com/cyclone2. 



• Densities up to 3.5x the original 
Cyclone family 

• Dedicated DSP circuitry 

• Average of 60% faster than the 
competition 

• 90-nm devices shipping in volume 



Supported by . 



QUARTUS'II 



The Programmable Solutions Company® 
www.altera.com/cyclone2 



Copyright © 2005 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that are 
identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names 
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights. 
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RESEARCH UPDATE 



BY MATTHEW MILLER 
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An artist's conception shows six ions trapped in a state of super- 
position. The control necessary to achieve such a configuration 
will play a role in quantum computers and ultrasensitive measure- 
ment instruments. 

Physicists force six atoms 
to act like quantum "cats" 

In work with ramifications for quantum computing and cryptog- 
raphy, scientists at NIST (National Institute of Standards and 
Technology) have coaxed six beryllium ions into a state of en- 
tangled superposition, in which their nuclei simultaneously spin 
both clockwise and counterclockwise. The researchers claim that 
six is the highest number of atoms that anyone has been able to 
place into a so-called Schrodinger's cat state. (The name alludes 
to German physicist Erwin Schrodinger, who famously wrote 
about a cat that, under the laws of quantum physics, had to be 
both alive and dead at the same time.) The technique, described 
in the Dec 1, 2005, issue of Nature, could find use not only in 
quantum computers and encryption schemes, but also in high- 
precision instruments such, as atomic clocks and interferometers. 

National Institute of Standards and Technology, 
www.nist.org. 



Carbon nanotubes suck heat 
from high-performance amps 

Fujitsu has announced that it will employ carbon nanotubes in 
heat sinks for high-frequency, high-power amplifiers that will find 
use in next-generation base stations. Because conventional 
face-up packaging techniques suffer from amplification-limiting 
inductance, designers commonly use flip-chip packaging for such 
amplifiers. However, the metal bumps that connect the amplifiers 
to their pc boards in the flip-chip approach are proving inade- 
quate for dissipating the heat of high-power transistors, accord- 
ing to the company. 

Fujitsu's technology replaces the metal bumps with bundles of 
vertically oriented carbon nanotubes, grown in a proprietary 
process using an iron-catalyst coating. The nanotubes offer ther- 
mal conductivity of 1 400W/(m-K), compared with 400W/(m-K) 
for copper. According to Fujitsu, the approach yields heat-dissi- 
pation levels equivalent to face-up configurations but halves in- 
ductance, which in turn yields at least a 2-dB increase in ampli- 
fication at frequencies of 5 GHz or greater. 
Fujitsu, www.fujitsu.com. 



Carbon nanotubes 
stand in for tradition- 
al metal bumps in 
Fujitsu's heat-sink 
technology, which 
enables higher-pow- 
er amplifiers for mo- 
bile-communications 
base stations. 
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Chip electrically controls the speed of light 



Researchers at IBM have fabricated the first optical chip 
that electrically controls the speed of light. The chip works 
by electrically altering the effective index of the refraction 
of an integrated photonic-crystal waveguide. The compo- 
nent could one day enable tunable optical delay-line chips, 
optical buffers, high-extinction optical switches, and highly 
efficient wavelength converters. The device, along with oth- 
er components, could also eliminate the telecom industry's 
reliance on bulky and costly optical-to-electrical and electri- 
cal-to-optical converters. The chip can variably slow light by 
a factor of 300, under active control by a signal that con- 
sumes less than 2W and changes in less than 1 00 nsec. 
IBM built the chip on silicon-on-insulator CMOS. 



The active element is a 250-micron-long photonic- 
crystal waveguide formed with a nanoscale version of mi- 
cromachining that perforated a 223-nm-thick membrane 
with 1 09-nm-diameter holes spaced at a 437-nm pitch. As 
a result, the waveguide slows light passing through it in a 
20-nm bandwidth at the communications wavelength of 
1 620 nm. For more information, including an animated 
demonstration, go to http://domino.research.ibm.com/ 
comm/pr.nsf/pages/news.20051 1 03_photonics.html. 
For an animation of how the technique works, go to 
www.research.ibm.com/photonics/animation/slowlight. 
html. 

IBM Corp, www.ibm.com. 
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8-bit Microcontrollers 




MC9S08QG 
8-pin DFN 
4mm x 4mm 



Freescale Semiconductor, a global 
leader in 8-bit microcontrollers, is 
committed to providing the most 
comprehensive portfolio that delivers 
market-driven features at competitive 
pricing. All backed by our industry-leading 
CodeWarrior™ Development Studio with 

It's how you 
value at the 



appliances, remote control, lighting and 
security systems. 

Get higher resolution with our 8-channel, 
10-bit ADC. Communicate with SCI, SPI 
and l 2 C. Choose from 4K and 8K 
reprogrammable Flash options. Plus these 
devices offer an on-chip, in-circuit emulator 

get higher 
low end. 



Processor Expert ™ technology, affordable 
hardware development tools and support 
services that make your design effort easier. 

Our 9S08QG Family is a great example 
of our 8-bit leadership. This tightly 
integrated 8-bit solution combines levels 
of performance, packaging and low-power 
consumption that 
redefine the 
low end. Making it 
ideal for a variety of ^ 
applications like home 




(ICE) and background debug module to 
reduce development time and cost. 

Test drive our support tools via our virtual 
lab capability or get started now with our 
9S08QG8 demo board, priced at $50* (US). 
You get a fully functional board, powered 
over the USB cable, eliminating the need for 
external power supplies. 

We offer the products, 
service and support to 
help you add value and get 
to market quickly and efficiently. 



freescale 

$50* demo board at freescale.com/low8 semiconductor 



Freescale ™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. This product incorporates Super 
Flash technology licensed from SST. *AII quoted pricing is MSRP. ©Freescale Semiconductor, Inc. 2005. 
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EDA-tool pairing tackles 
ESL "model gap" 



As an enabling technol- 
ogy for the wider im- 
plementation of sys- 
tem-level design, Tenison and 
Spiratech have created a 
closely integrated pairing of 
their respective VTOC and 
Cohesive EDA products. Teni- 
son's software converts mod- 
els of circuit blocks between 
levels of abstraction in a sys- 
tem-level design environment. 
In system-level design, Tenison 
says, you need to design with 
mixed tools and at multiple lev- 
els of abstraction. The compa- 
ny says that in a typical design, 
80% of IP (intellectual proper- 
ty) is in RTL Meanwhile, logic 
errors are still the dominant 
cause of design failure. You 
don't rewrite the RTL, and try- 
ing to write a model of it is a 
highly error-prone process. 

VTOC lets you move models 
between levels of abstraction. 
Tenison adds the Spiratech 
software's ability to automati- 
cally generate "transactors," 
high-performance transaction- 
level interfaces to those mod- 
els. Cohesive allows the user 
to formally specify an interface 
using a specialized language 
that then compiles to generate 
the transactor. Once the user 
has performed the formal 
specification, the software can 
create a bridge between any 
two levels of abstraction. 
Users can verify conformance 
to a protocol by entering a de- 
scription of the protocol. So, 
VTOC converts RTL to 
SystemC, and Cohesive cre- 
ates a transactional interface 
to it. Tenison Chief Technology 
Officer Jeremy Bennett says, 
"The ability to connect be- 
tween models at different lev- 



els of abstraction is a corner- 
stone of any practical ESL so- 
lution," and Spiratech Chief 
Executive Officer Simon Cal- 
der says, "There are no excus- 



es left for not adopting an ESL 
methodology; this tool combi- 
nation greatly eases the con- 
nection of transaction-level 
models to the design-and-ver- 
ification tool flow." 

In a parallel announcement, 
Tenison has also produced a 
version of the VTOC offering 
closely integrated with the 
ARM (www.arm.com) Real- 



View development environ- 
ment to facilitate system-level 
design of complex ARM- 
based projects. 

-by Graham Prophet, 
EDN Europe 

Tenison EDA, www. 
tenison.com. 

Spiratech, www.spiratech. 
com. 




ADCs use less than 
100 mW at 40 MHz 
and 14 bits 



The XT1 1 series of 1 2- and 1 4-bit 
self-clocking ADCs use 70 mW 
while clocking at 200M to 40M 
samples/sec. 



"The lowest power delta-sigma ADCs available any- 
where" is the claim of fabless-semiconductor ven- 
dor Xignal Technologies. It based its product con- 
cept on an architecture it calls continuous-time 
delta-sigma. With it, designs can achieve resolutions of 1 2 bits and higher at power levels 
less than half those of competing ADCs, says Xignal's marketing director, Mark 
Holdaway. A sigma-delta converter is a control loop in which a comparator samples the 
output of an integrator to yield a pulse-density output waveform. Integral to that loop is a 
filter, which, in a conventional sigma-delta design, is a discrete-time arrangement that de- 
pends on switched-capacitor techniques. Xignal's design replaces this technique with a 
continuous-time digital filter, taking switches outside the signal path. The approach sim- 
plifies the device's analog circuitry, eliminating the need for several functional blocks, 
such as an input buffer that previously dealt with sampling glitches. 

The design integrates high-stability inductors and capacitors and a PLL that delivers 
clocking with very low phase noise. The architecture makes the ADC compatible with the 
scaling benefits of small-geometry CMOS, further assisting the power benefits from re- 
ducing the power-hungry analog blocks in the design. Because the digital filter is outside 
the conversion loop of the ADC, the design also needs no separate antialiasing filter. 
Using the IEEE's formula for figure of merit relating power per bit of conversion resolu- 
tion and conversion frequency, Holdaway says, the CT sigma-delta achieves a figure dou- 
ble that of previous ADCs. 

Hence, the XT1 1 series of 1 2- and 1 4-bit, self-clocking ADCs use 70 mW while clock- 
ing at 20M to 40M samples/sec and are simple to drive, needing no differential input 
buffer. The continous-time loop filter can handle "beyond-the-rails" inputs, enabling the 
XT1 1 200 and 1 1 400 to accept ±4V inputs while operating from a 1 .2V supply. The 
continuous-time sigma-delta modulator is a third-order design, and the chip also inte- 
grates a tunable loop filter plus a digital lowpass filter. The chips can sample the entire 
bandwidth to the Nyquist limit— 20 MHz for a 40-MHz clock— with virtually no wasted 
bandwidth. SNR is 76 dB, and THD is -82 dB for the 1 4-bit part; the corresponding fig- 
ures for the 1 2-bit converter are 71 and — 78 dB. 

"The architecture has found use in single-sample-rate applications, such as wireless 
base stations," says Holdaway. Because analog elements determine bandwidth, a given 
implementation has restricted operating frequency. Xignal says that this limitation implies 
operation over a range of frequencies, rather than a fixed frequency of operation. The on- 
chip, low-phase-noise clock requires only a low-cost crystal. The converters will sell for 
$9.95 or $1 8 (1 000).-by Graham Prophet, EDN Europe 
Xignal, www.xignal.com/xt1 1. 
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3G Solutions 




It's the freedom of an open platform. 




It's the freedom to miniaturize. 




It's the freedom to cut costs. 




It's the freedom to differentiate. 




It's freedom for 3G. 



MXC 3G Phone Platform 
19mm x 21mm 



f freescale 

A 3G phone the size of a postage stamp? Visit freescale.com/3G semiconductor 



Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. ©Freescale Semiconductor, Inc. 2005. 




SIGNAL INTEGRITY 




BY HOWARD JOHNSON, PhD 



Half-measures 



Perky little Miss Flynn, my fifth-grade physical-education 
teacher, used to admonish her flock: "Never go in for half- 
measures; always try your hardest." I like to test rules, so 
as life progressed, I tried drinking as much as possible and 
driving as fast as I dared. I discovered that her rule did not 
apply to those situations. Digital engineers know a circuit 
in which half-measures are not only acceptable, but also necessary 
(Figure 1). 

When you close switch A, a half-sized step emanates from the source. 
It propagates across the pc-board trace (the thick blue line) toward B. 
When the half- step slams into B, it finds no load to absorb any power, 



so the half-step bounces back, return- 
ing to the source. At the source, resis- 
tor R 1 terminates the reflected half-step. 
After that time, the outbound and 
reflected currents perfectly cancel at all 
points, bringing the structure to a sta- 
ble, fully charged condition. The 
whole scenario takes precisely one 
round- trip time. 

Do you suppose the outbound step 
must be exactly half-sized, or will any 
other size of waveform do the trick? 
If you change the source-termination 
resistor R 1 to a value other than Z Q , 



9 



t=o 



PC-BOARD 
TRACE 



SOURCE « 



Figure 1 A half-sized step slams into B, bounces, and 
returns to the source. 



will the circuit work in a new way? 

I say no. The proof involves the prin- 
ciple of conservation of energy — some- 
thing that Miss Flynn may not appre- 
ciate, but in the world of physics, a good 
energy-balance equation easily sums up 
the operation of a complicated system 
without bogging you down in details. 

Begin by calculating the total ener- 
gy supplied to the transmission line. 
With the circuit in a state of perfect 
rest, assume the source conveys a step 
voltage into the transmission line with 
amplitude V.. The characteristic im- 
pedance of a pc-board 
trace, in the range of 
frequencies and ge- 
ometries that high- 
speed digital work uses, 
nearly approximates a 
pure resistance. Until 
the first reflection re- 
turns from the far end, 
the source thinks it's 
driving a resistive load 
having a value of Z Q . 
The power, P., deliv- 
ered to the transmis- 
sion line under these 



1 00% 
REFLECTION 



conditions equals V. 2 /Z - Over time 
equal to twice the line delay, or 2T, the 
total energy, E., that the source deliv- 
ers equals: 

E=2TV. 2 /Z . 

At the end of one full round- trip 
cycle, if the line achieves stasis fully 
charged to voltage V T at all points, with 
zero current, then all of the energy sup- 
plied during the period 2T must be 
stored in the distributed capacitance, 
C, of the transmission line. This stored 
energy equals (1/2)CV T 2 . The tricky 
part of this argument is knowing how 
to calculate the capacitance, C, which 
is just the line delay, T, divided by its 
characteristic impedance, Z Q (Refer- 
ence 1). Making that substitution for 
C produces an expression for the total 
energy stored at the conclusion of a 
successful cycle: 

E S =(1/2)(T/Z )V T 2 =(1/2)TV T 2 /Z . 

Equating the stored energy, E g , to the 
supplied energy, E., reveals that the ini- 
tial step amplitude, V., must equal half 
of V T . A larger initial step amplitude 
supplies too much energy; it rattles 
about, slowly dissipating. A smaller step 
supplies too little, taking multiple 
round trips to finish the job. Perfect 
operation of this circuit requires a pre- 
cise half -measure, edn 

REFERENCE 

EI Johnson, Howard, and Martin 
Graham, High-Speed Digital 
Design: A Handbook of Black 
Magic, Prentice Hall, April 1 993, 
pg 149, equation 4.40. 



IATEDN.COM 



EE Go to www.edn.com/0601 05hj and 
click on Feedback Loop to post a 
comment on this column. 



Howard Johnson, PhD, of Signal Con- 
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. Visit 
his Web site at www.sigcon.com or e-mail 
him at howie03@sigcon.com. 
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Intersil Digital Potentiometers 



High Performance Analog 



Huge Digital 
Control in a 
Tiny Package 

Intersil's unleashes the X931 54/55/56, 
the world's smallest and lowest cost 
Non-Volatile Digital Potentiometer. 

The X93154, X93155 and X93156 addresses new market needs for 
high volume and space constrained applications such as portable or 
personal communications devices. The integration of non-volatile 
EEPROM for the wiper position provides design advantages including 
lower programming current and the elimination of additional high 
voltage supplies required by one-time programmable products. 



Available in 
2mm x 2.5mm 
8-lead TDFN 




All this functionality in 
tiny 2mm x 2.5mm 
TDFN package 




Key Parameters 



Description 


Conditions 


MIN 


TYP 


MAX 


Unit 


Supply Voltage 


X93154 


2.7 


3 


3.3 


V 




X93155 


4.5 


5 


5.5 


V 




X93156 


2.7 




5.5 


V 


End-to-end Resistence 




35 


50 


65 


kQ 


Rh, R|_ Terminal Voltages 









Vcc 


V 


Power Rating 


R-TOTAL = 50 KQ 






1 


Mw 


Noise 


Ref: 1 kHz 




-120 




dBV 


Wiper Resistance 


X93156 






1100 


Q 


Wiper Current 








0.6 


mA 


Resolution 






3 




% 


Temperature (Industrial) 




-40°C 




+85°C 


C 



Features 

- 3-wire up/down interface 

~— 32 wiper tap points. Wiper position 
stored in non-volatile memory and 
recalled on power-up 

Low power CMOS, with Vcc of 
2.7V to 5.5V, active current of 
250|jA max, and standby current 
of 1 |jA max 

~— High reliability with endurance 
200,000 data changes per bit and 
register data retention of 100 years 

^ Available in 8-lead MSOP and 
TDFN packages 

Pb-free and RoHS compliant 
packaging available 



Datasheet, free samples, and 
more information available at 
www.intersil.com/edn 



inter sil 

HIGH PERFORMANCE ANALOG 



Intersil - Amplify your performance with advanced signal processing. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 




TALES FROM THE CUBE 



ROBERT CRAVOTTA • TECHNICAL EDITOR 



Valuing uncertainty 




As a junior member of a technical staff, I was test- 
ing and characterizing how well the automatic- 
gain-control and target-acquisition algorithms 
operated with a new visible-light camera sensor. 
The vision system needed to be able to distin- 
guish and identify a subpixel target within a 
field of stars from an exoatmospheric position* We were unfa- 
miliar with the sensitivity and idiosyncrasies of the camera- 
sensor system, but because the vision 
system would be deployed in low Earth 
orbit, we could not test the vision sys- 
tem and the various algorithms in field 
conditions. 



An important function of the auto- 
matic-gain-control algorithm was to 
dynamically adjust the sensitivity of the 
camera sensor to avoid blindness, either 
from too little or too much light enter- 
ing the sensor. The intensity of the light 
from the object we would be searching 
for in the low-orbit sky would range 
from faint to bright over the course of 
a few seconds. The automatic-gain- 
control algorithm would allow the sys- 
tem to scale the sensor's sensitivity so 
that the camera would register the 
object's light signature at low intensi- 
ty and prevent the increasing intensi- 
ty from oversaturating the sensor. 



At first, the task of setting up the lab 
testbench to characterize the camera 
system and automatic-gain-control 
algorithm seemed fairly straightforward. 
My lab partner and I began with coarse 
adjustments to the light level to char- 
acterize how the algorithm affected the 
data for the camera's entire FOV (field 
of view). As we progressed through the 
testing, we refined the light source to 
affect a smaller and smaller portion of 
the camera's FOV. Things were moving 
along well until we tried to generate a 
light source that could be contained 
within a single pixel. 

Generating a light source that we 
could confirm excited only a single 
pixel on the camera sensor proved to be 
quite a challenge. The light source we 
were using generated a signal larger 
than a pixel. We were eventually able 



to approximate a single pixel signal by 
blocking the light source with card- 
board that had a pinhole in it. The 
process of trying to create and verify a 
single pixel signal revealed an impor- 
tant unknown and undesirable behav- 
ior of the vision system. We reported 
the condition, and the project engineer 
expanded our task to understand and 
develop a correction for the problem. 

The instructions for my lab partner 
and me were to characterize the cam- 
era system and to make sure the auto- 
matic-gain-control algorithm appro- 
priately adjusted the camera's sensitiv- 
ity. How to test the system remained 
unspecified. The system engineer had 
not expected us to try to simulate a sin- 
gle pixel signal. Because we were not 
influenced by his assumptions about 
the camera system, we uncovered an 
anomalous condition in the lab that 
would have caused the vision system to 
fail when it was deployed. Senior engi- 
neers are expected to be able to begin 
work with systems that have little con- 
crete definition and much uncertainty. 

Uncertainty in business and pro- 
duction environments is undesirable; 
it can lead to variable results that neg- 
atively impact the success of building 
a product or delivering a service. A key 
defining element of engineering is to 
be able to create systems that can 
deliver consistent, repeatable, and reli- 
able behavior despite uncertainty and 
variability over some range of envi- 
ronmental conditions. Dealing with 
uncertainty is fundamental to being an 
engineer, and there is usually a positive 
correlation between the seniority of an 
engineer and the amount of uncer- 
tainty he needs to deal with in his job. 
It is important to allow some uncer- 
tainty to exist in assignments for even 
the most junior engineers, as it can be 
a source of growth for them — and it 
might save a project from failure. 

Because of my experience in that 
lab, I learned always to allow some 
uncertainty in assignments to junior 
engineers; it helps them learn and 
stretch their skills and can help the 
project in unexpected ways.EDN 
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BREAKTHROUGH 7-PIN MOSFET 
PACKAGE ENABLES 160A IN A D 2 PAK 

Lower Ros(on) Ratings of Trench Technology with Higher Current for Automotive 




Part 
Number 


Package 


VDS 


R DS(on) 

(mG) 


ID, max. 
(A) 


Rth 

(C/W) 


Typ RDS(on) 
Temp 
Coeff. 


Gate 


Qual Level 


IRF2804S-7P 


D 2 Pak-7 


40V 


1.6 


160* 


0.50° 


1.80 


Std 


Q101 


IRF3805S-7P 


D 2 Pak-7 


55V 


2.6 


160* 


0.50° 


2.10 


Std 


Q101 


IRF1405ZS-7P 


D 2 Pak-7 


55V 


4.9 


120* 


0.65° 


2.10 


Std 


Q101 



International Rectifier's innovative, Q101 
qualified, 7-pin D 2 Pak MOSFETs address the 
industry problem of the limited current carrying 
capability of plastic discrete packages. The new 
7-pin package offers the lower R D s( n) ratings of 
trench technology with the higher current 
required for automotive applications such as 
electronic power steering (EPS). 

Seven-pins reduce board level lead temperature 
with a greater reliability of solder joints at double 
the current handling capability of a standard 
3-lead package. Extra leads also allow a larger 
leadframe T-post for additional wirebond area 
capability and the added benefit of reduced die 
free package resistance. 

FEATURES 

• 160A continuous current capability 
(maximum junction temperature of 175°C) 

• Lowest R D s(on) available in a D 2 Pak footprint 

• Low temperature coefficient of on-resistance 

• Avalanche capability comparable to industry 
leading planar technologies 

Contact your local IR sales representative to 
see how the breakthrough 7-pin, 160A Q101- 
Qualified MOSFET in D 2 Pak can help speed 
your designs. 



* Package Limited 



for more information call 1 .800.981 .8699 or visit us at 

www.irf.com/auto 



Internationa 
l©R Rectifier 

THE POWER MANAGEMENT LEADER 



AUTOMATICALLY-GENERATED CODE FLYING AT MACH 9.8. 



THAT'S MODEL-BASED DESIGN. 



When NASA made history by 
launching the X-43A, 
automatically-generated flight code 
was at the controls for the vehicle's 
propulsion and stability systems. 
Engineers developed the autopilot 
within a radically reduced timeframe 
using Model-Based Design and 
Simulink. To learn more, go to 
mathworks.com/mbd 



lTLAB' 
IMULINK 8 



) The MathWorks 



Accelerating the pace of engineering and science 



©2006 THE MATHWORKS, INC. 



Tl Developer Conference 

February 28-March 2, 2006 • Dallas, TX 




SEE THE FUTU RE 

CREATE YOUR OWN 





Tl 



Developer Conference 

February 28-March 2, 2006 • Dallas, TX 



TECHNICAL TRACKS 



Register Today! 

The Tl Developer Conference offers you three days of hands-on 
technical Learning and answers to your design questions from 
signal processing experts throughout the high-performance 
analog (HPA), digital signal processing (DSP) and micro- 
controller industries. Build your expertise on next-generation 
design through: 

• 100+ system-focused sessions 

• Hands-on workshops 

• Networking with industry experts 

• Exhibit hall and Technology Playroom 

Register by January 30 p 2006 and save $500 
www.tixom/tidc2006pc 



SEE THE FUTU RE 

CREATE YOUR OWN 








Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 
©Texas Instruments 2005. 



SPRT376 



BY JEFFREY LIES, TAMARA PAPALIAS, AND MIKE WONG INTERSIL CORP 



Choosing high-speed 
amplifiers for noise-sensitive 
applications 

VOLTAGE FEEDBACK, CURRENT FEEDBACK, BIPOLAR, CMOS-ALL 
HAVE ADVANTAGES AND DRAWBACKS. HERE'S A ROAD MAP FOR 
PICKING THE BEST TYPE FOR YOUR APPLICATION. 




igh-speed amplifiers have broken the gigahertz noise characteristics, as well as the strengths and limitations of 

barrier, making them an attractive choice in each type- An understanding of the differences in circuit topol- 

many applications. Fundamental differences ogy, along with basic noise and distortion characteristics, is cru- 

exist in the types of amplifiers on the market. cial for optimal product selection. 

The two most critical characteristics involve VFAs (voltage-feedback amplifiers) are the most common op- 
process (bipolar or CMOS) and feedback (cur- amp topology. This topology has three stages: a differential- input 



rent or voltage) . Both current- and voltage-feedback amplifiers stage, a gain/level-shift stage, and an output stage. Figure 1 pres- 
are popular for high-speed applications. This article focuses on ents a simplified schematic of the EL5 157, a popular VFA. 




Figure 1 The EL51 57 is an example of a voltage-feedback-amplifier topology. 
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The input stage is an NPN dif- 
ferential pair in parallel with a PNP 
pair. The second stage consists of a 
pullup current source- Any differ- 
ence (signal or error) in the cur- 
rents of the signal-path transistors 
appears across the output imped- 
ance of the current source at the 
high- impedance node. The output 
stage buffers the high- impedance 
node to the output. 



V+O- 



IN+ 




OOUT 



CFA TOPOLOGY 

CFAs (current-feedback ampli- 
fiers) have a different input struc- 
ture. The input stage has a unity- 
gain buffer between its inverting 
and noninverting inputs that gives 
the CFA topology some distinct 
advantages. CFAs' popularity 
lagged voltage-feedback designs 
until the emergence of fully com- 
plementary bipolar processes. For- 
tunately, these processes are wide- 
ly available today, so CFAs can 
exploit the current switching, 
which is faster than bipolar circuits' 
voltage switching. 

In Figure 2, the noninverting 

input has high impedance and is 

buffered to the inverting input (see 

dashed box). The input impedance of the inverting input is very 
low, and its signal reaches the high- impedance node through 
current mirrors. The high- impedance node, Z, is buffered to the 
output. 

A higher level look at the CFA structure highlights its advan- 
tages (Figure 3). Any voltage difference across feedback resis- 
tor R p creates an error current into the inverting input. Because 
the impedance at the inverting input is low, this feedback is a 

current. Another name for a CFA is a transimpedance ampli- to the inverting input. Therefore, when you vary the gain of a 



Figure 2 In this current-feedback amplifier, the noninverting input has high impedance and is 
buffered to the inverting input. 



fier, because any change in the inverting- input current causes 
an output-voltage change. The inverting input can source and 
sink high transient currents, which bias current does not limit. 
The current mirrors supply current on demand from the power 
supply to the high- impedance node, giving CFAs high slew rates. 
A unity-gain buffer completes the circuit, driving the output to 
the voltage necessary to minimize the feedback error current. 
The value of R F determines the amount of current fed back 




Figure 3 A current-feedback amplifier is also called a transimped- 
ance amplifier because any change in the inverting-input current 
causes an output-voltage change. 



DOMINANT TYPES OF NOISE 
IN AN OPERATIONAL AMPLIFIER 



Type of noise Calculation 

Thermal (Johnson) noise 
Shot noise 
Flicker (1/f) noise 
Notes: 

K = Boltzmann's constant (1 .38X1 CT 23 J/K). 



V JN = V(4KTRAf) 



T = absolute temperature in Kelvin (0°C = 273 Kelvin). 
R = resistance of component/device. 
= do current. 

charge on an electron (1 .6X 1 0" 19 C). 
= system bandwidth. 



'dc 

q = 

Af 



f = center frequency of operation. 

k d = device constant (varies by orders of magnitude; even on one 

wafer, MOS tends to be higher than a bipolar-junction transistor), 
a = fabrication constant (ranges from 0.5 to 2). 
b = constant (approximately = 1 ). 
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Mlcrel Ethernet Solutions: 

We've Got Your Processor Covered 



Micrel's Family of Ethernet Solutions Addresses All Your Networking Interface Needs 




The road to network connectivity is never smooth but Micrel 
has you covered. Whether you need networking via an 8, 1 6 or 
32-bit generic-bus, PCI-bus, Mil, RMII, or SNI host interfaces, 
Micrel has the answer in easy to install single and dual-port 
Ethernet solutions. The devices address the growing need for 
streamlined networking connectivity in IP-Set Top Boxes, VoIP 
phones, Network Printers, Industrial Controls and networked 
Game Console applications, to name but a few. The dual port 
devices have the lowest latency (sub 310nS) in the industry and 
are ideal for daisy-chaining applications, or simply as two port 
switches to connect to voice, video and data. 



311 1 C RE L 

Innovation Through Technology™ 

www.micrel.com 



All of the ICs incorporate HP Auto-MDIX to take the guesswork 
out of whether your device is connected using straight or cross- 
over cables. In addition, Micrel's LinkMD™ cable diagnostics 
function not only determines the length of the cable and the 
distance to fault, but also diagnoses common cabling faults such 
as open and short circuits. These features reduce the need for 
costly customer calls and IT service requests. Along with Micrel's 
trademark high reliability, outstanding performance, and low 
power consumption, the KSZ88xx family offers ideal solutions for 
applications that require compact, cost effective, RoHS compli- 
ant networking connections. 

For more information, contact your local Micrel sales representa- 
tive or visit us at www.micrel.com/ad/ksz88xx. 
Literature: 1 (408) 435-2452 • Information: 1 (408) 944-0800 



© 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark and LinkMD 
is a trademark of Micrel, Inc. 



CFA, you should adjust the value of R Q . Also, although VFAs 
exhibit a gain-bandwidth trade-off, CFA bandwidth is inverse- 
ly proportional to the value of R p . 

OP-AMP-NOISE CALCULATIONS 

Figure 4 presents a classic noise model of an operational 
amplifier with feedback. The figure shows all of the possible 
noise sources, including thermal (Johnson) noise voltages for 
the external feedback and gain resistors. Whereas the resistor- 
noise sources do not change versus frequency, the voltage- and 
current-noise sources in association with the op amp are fre- 
quency-dependent. Therefore, op-amp data sheets provide plots 
of input voltage and current noise. 

The two main components of noise within op amps are flick- 
er and white noise. Flicker noise, also called 1/f noise because 
its contribution is inversely proportional to frequency, dominates 
at low frequencies (less than a few megahertz for CMOS and 
less than a few kilohertz for bipolar designs). White noise 
includes contributions of shot noise from bias currents and ther- 
mal noise from resistances in devices and other circuit struc- 
tures. With its flat amplitude characteristic with respect to fre- 
quency, white noise dominates at medium and high frequen- 
cies. Table 1 lists the types of noise and their mathematical 
equivalents. 

By convention, noise quantities are input-referred. That is, 
the presented value is the amount that would appear at the input 
to cause the resultant noise at the circuit output. For example, 
if a noise source exists at an amplifier's output, you divide it by 




- 



Figure 4 This classic noise model of an op amp with feedback 
shows all of the possible noise sources, including thermal 
(Johnson) noise voltages for the external feedback and gain 
resistors. 



the closed- loop gain to refer it to the input. Referring all of the 
noise to the same node simplifies comparing and combining the 
influence of various noise contributions. 

For Figure 4's amplifier example, you can calculate the noise 
sources, as Table 2 shows. To facilitate comparison, all noise 
sources appear as voltages. The third column identifies the volt- 
age gain that each noise source experiences. 

Noise is a random quantity. A noise source's average voltage 



DD O 



V IN-0 




^ssO 



RAIL-TO-RAIL INPUT STAGE 



<K)V 



Figure 5 In this simplified CMOS op amp, both inputs connect to MOSFET gates, which allow virtually zero current flow. Thus, only 
voltage determines the output signal, explaining the amplifier's low level of input-current noise. 
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Precision, Efficiency, Low Noise & Low Ibias 



National's Advanced VIP50 BiCMOS Process Does It All 



LMP7711 Offset Voltage Distribution 



LMP7711 Input Voltage Noise vs Frequency 



■r 




-10 30 70 

Offset Voltage (mV) 

LMP7711 Features 

• Input offset voltage ±150 |jV(max) 

• Input bias current 100 fA 

• Input voltage noise 5.8 nVAAHz 

• Gain bandwidth product 17 MHz at 1.15 mA 

• Operating temperature range -40°C to 125°C 
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Frequency (Hz) 

Benefits 

Improves system accuracy 

Allows easy interfacing from any resistive source 

Accurate low frequency signal conditioning 

Unity gain stable with minimum power consumption 

Performance across automotive and industrial temp range 





Product 
ID 


Key Features 
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LMP7711 


Precision, Low-Noise RR/0 CMOS 


1.15 


1.8 to 5.5 


0.15 


17 


✓ 


-40 to +125 


LMP7701 


Precision, 12V RRI/0 CMOS 


0.73 


2.7 to 12 


0.2 


2.5 


✓ 


-40 to +125 


LMV651 


90% Power Saving RR/0 Performance Amp 


0.11 


2.7 to 5.5 


1.0 


12 




-40 to +125 


LMV791 


Low-Noise, Low l mAS RR/0 


0.95 


1.8 to 5.5 


1.3 


14 


✓ 


-40 to +125 


LPV511 


880nA, Ultra Low Power 12V RRI/0 


880 nA 


2.7 to 12 


3.0 


0.027 




-40 to +85 
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Current (nA) 
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Input Offset 
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Prop Delay 
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Low Input Current 
CMOS Design 


Temp Range (°C) 


LPV7215 


Ultra Low-Power RRI/0 


580 


1.8 to 5.5 


3.0 


6.6 


✓ 


-40 to +85 
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is zero, as is a sine wave's. However, the average power 
is not zero. Therefore, when summing the contribu- 
tions of different noise sources, you add the power of 
each source to get the total power. Power, P, is pro- 
portional to voltage, V, squared and inversely pro- 
portional to the resistance, R, at the node: 
P=I-V=(V/R)'V=V 2 /R. 

With all of the noise sources referred to the same 
node, they will be across the same impedance. There- 
fore, you can calculate the total noise power at that point. If 
you want the related total voltage, reverse the equation; that 
is, enter P and either I or R and solve for V. 

The noise sources in Table 2 are uncorrected, and you can 
sum them as the preceding paragraphs describe. Correlated 
noise results from a single source or from dependent sources 
that relate the behavior of one source to another. Because the 
noise behavior of correlated sources is related, you can't sim- 
ply add the source powers. 

VFA AND CFA NOISE ANALYSIS 

To understand the noise differences between VFAs and CFAs, 
you need only compare the architectural differences between 
their input stages (figures 1 and 2). The VFA input structure 
is a differential pair. Therefore, in bipolar technologies, the 
inputs connect to bases of PNP or NPN transistor pairs or to 
both. The currents through these nodes are small base currents; 
because the noise current is proportional to the base current, 
low- input-noise current results. 

The CFA, on the other hand, has two inputs connecting to 
very different structures. The noninverting op-amp input con- 
nects to the base of bipolar transistors, so the noise current is 
comparable with that at the inputs of VFAs. Conversely, the 
inverting op-amp input is the buffer's output, typically NPN and 
PNP emitters. Because emitter current is much larger than base 
current (by a factor of the current gain, (3), the noise is pro- 
portionally higher, as well. CFA inverting- input noise currents 
typically are in the 20- to 30-pA/VHz range, compared with 
the VFAs 1- to 5 -pA/\/Hz typical range. 



TABLE 2 AMOUNT OF NOISE PER NOISE SOURCE 



Noise source 


Noise (as a voltage) 


Noise gain 


Input-voltage noise 


Vn 


1 +R F /R G 


Inverting-input current noise 


ln-XR F 


1 


Noninverting-input current noise 


ln+XR3 


1 +R F /R G 


Johnson noise of R F 


V(4KTXR F ) 


1 


Johnson noise of R G 


V(4KTXR G ) 


- R F /R G (inverting) 


Johnson noise of R N , NV 


V(4KTXR NINV ) 


1+R F /R G 



TABLE 3 TYPICAL VALUES FOR NOISE QUANTITIES 
IN VFA, CFA AND CMOS TOPOLOGIES 



|| VFA | 


CFA I 


CMOS 


v N 


0.86 nV/VH^ 


4nV/VH^ 


20 nV/VH^ 


IN- 


1 .4 pA/VHZ 


20 pA/VHz 


2fA/VHz 


IN+ 


1 .4 pA/VH^ 


8pA/VH^ 


2 fA/\/Hz" 



The feedback resistor, R p , transforms this larger noise current 
into a voltage. Input-referred noise voltage is a more compli- 
cated parameter, being a function of not only the input tran- 
sistors (primarily transistor base resistance and collector cur- 
rent), but also the type of load the input stage drives. It is gen- 
erally sufficient to say that CFAs typically deliver an input-noise 
voltage that is at least as low as that of VFAs that haven't been 
optimized for low noise. Table 3 shows typical noise currents 
and voltages for a VFA, a CFA, and, for comparison, a CMOS 
amplifier. 

VFA circuits are optimized for sensitivity to the input-volt- 
age difference. Therefore, the voltage-noise contribution is the 
lowest of the three. The current noise at both inputs is low 
because the base current into each terminal is small. For the 
CFA, the feedback node has emitter current flowing instead of 
a base current. This larger current naturally has a larger current 
noise associated with it. 

In the CMOS case, the input is purely capacitive (Figure 5). 
The input is again a differential pair. Because both inputs con- 
nect to MOSFET gates, which allow virtually zero current flow, 
only the voltage determines the output signal, explaining the 
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Figure 6 These data-sheet curves show typical second- and third-harmonic-distortion values for CFAs (a) and VFAs (b). 
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CMOS amplifier's low level of input- 
current noise- The input-voltage 
noise, though higher in the CMOS 
case, is still within an order of magni- 
tude of the other two examples. So, if 
the voltage gain is low, as in transim- 
pedance amplifiers, the higher noise is 
inconsequential A drawback of 
CMOS amplifiers is that the 1/f-knee 
frequency is inversely proportional to 
the device channel lengths, so the 
more advanced the process, the high- 
er the frequency of the 1/f knee. 



VFA AND CFA DISTORTION CHARACTERISTICS 

At low frequencies, VFAs provide the lowest distortion. The 
differential-pair input stage acts much like an electronic see- 
saw. When the op amp encounters a negative feedback, it 
attempts to level the seesaw. Figure 6 provides distortion val- 
ues from the data sheets of a typical CFA and VFA. Of course, 
there are products on the market that do not follow these curves. 
Check the data sheet before choosing an amplifier for your 
application. 

The CFA accepts a voltage at its noninverting input and a 
current at its inverting input. The seesaw effect is still there, 

but only after V IN + 



IATEDN.COM 



translates into a 
current. This trans- 
lation is imperfect, 
introducing errors 
that appear in the 
second-harmonic 
distortion. At high- 
er frequencies, most of the loss comes from slew- rate limitations. 
Because CFAs have higher slew rates than VFAs, they exhib- 
it lower distortion characteristics at high frequencies. CFAs also 
maintain relatively constant distortion at different gain settings. 

In xDSL systems, communications signals travel through tele- 
phone lines whose lengths can reach 20fi00 feet. The receive 
signal can be as small as 30 mV with a 4-MHz bandwidth. 
Amplifying this signal requires a low-noise amplifier. Filtering 
is also necessary to remove high-frequency noise from the lower 
frequency transmit signal. 

The line receiver's closed-loop gain must be at least 30V/V, 
and the driver front end's ADC has 14-bit resolution. To use 
the full range of the 14-bit ADC, the input SNR (signal-to-noise 
ratio) must exceed 84-3 dB. For example, a 20-mV input sig- 
nal would require a noise level of less than 1.2 uV. The limit 
of the amplifier's input- voltage noise is 0.9 nV/VHz with a 4- 
MHz bandwidth. You should use a VFA — not only for its low 
input-voltage noise, but also because VFAs are more flexible in 
active-filter configurations. 

DRIVING AN ADC 

CFAs excel at driving high-speed, high-resolution ADCs, 
especially for pulsed inputs. A distinct CFA advantage for this 
application is that the CFAs output rise time remains nearly 
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Topology 


Strengths 


Example use 


VFA 


Input symmetry 

Low input voltage and current noise 
Low distortion at low frequency 


Communications systems 


CFA 


Slew rate 
Bandwidth 

Low distortion at high frequency 


ADC driver 


CMOS 


Dynamic range 
Rail-to-rail operation 


Transimpedance amplifier/photodetector 
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constant, regardless of the output step size. The slewing current 
is equivalent to the inverting- input current during transients, 
which is a function of the voltage difference across R p . There- 
fore, the CFA's slew rate actually increases as the step size 
increases- Whereas a VFA may become slew-rate-limited for 
voltage swings of less than IV, CFAs typically do not reach slew- 
rate limit for steps smaller than several volts. 

In addition to its slew-rate advantage, the CFA offers excep- 
tional bandwidth (be careful; excess bandwidth still contributes 
to total noise), distortion, settling time, and relatively low sup- 
ply current, which make it a prime contender for ADC drivers. 
For example, the EL5166 is a good choice for driving 14-bit 
ADCs, because of its 1.4-GHz bandwidth, 6000V/ fisec slew rate, 
and 70-dB second harmonic distortion at 20 MHz. With ADC 
drivers, the load that the CFAs feedback network presents is not 
usually a concern. This characteristic allows designers to use low- 
value feedback resistors to minimize noise and maximize the dri- 
ver's performance. 

TRANSIMPEDANCE AMPLIFIER 

Wide bandwidth and low input-bias and noise currents make 
modern high-speed CMOS amplifiers ideal choices for photo- 
diode transimpedance amplifiers. The key elements in a tran- 
simpedance design are capacitances at the inverting input 
(including diode, amplifier- input, and parasitic capacitance), the 
transimpedance gain set by R F , low input-current noise to allow 
wide dynamic range, and sufficient gain-bandwidth product 
(Figure 7 ). With these four variables set, you often need a feed- 
back capacitor in parallel with R F to control the frequency 
response and ensure stability. 

If the amplifier is a rail-to-rail, single-supply device, you can 
connect the noninverting input to ground, allowing the out- 
put to reach true zero when the photodiode is not exposed to 
any light. This setup allows the circuit to avoid the delay that 
the output would need to travel from the negative rail. 

To achieve the best performance, select components accord- 
ing to the following guidelines: 

• For lowest overall system noise, select R F to provide all of 
the required transimpedance-stage gain. Because the CMOS 
amplifier has virtually no current noise, a lower R p value (to 
lower the transimpedance-stage noise) would necessitate includ- 
ing additional gain stages, ultimately producing poorer overall 
noise performance. The noise that R F produces increases as the 
square root of resistance, whereas the signal value increases lin- 
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early. Therefore, placing all of the required 
gain in the transimpedance stage improves 
the SNR. 

• Minimize capacitance at the inverting 
input. This capacitance causes amplification 
of the op amp's voltage noise. A low-noise 
voltage source to reverse-bias a photodiode 
can significantly reduce its capacitance. 
Smaller photodiodes have lower capaci- 
tance. Use optics to concentrate light on a 
small photodiode. 

• Because noise increases with increased 
bandwidth, limit the circuit bandwidth to 
only what is necessary. To limit bandwidth, 
parallel the feedback resistor with a capac- 
itor, even if stability is not an issue. 

• PC-board leakage can degrade the per- 
formance of an otherwise well-designed 
amplifier. Carefully clean the pc board. A 
pc-board guard trace that encircles the sum- 
ming junction (inverting input) and drives 
at the same voltage as the summing junc- 
tion can help control leakage. 

Both CFA and VFA topologies are popular choices for high- 
speed applications. An understanding of the differences in cir- 



Figure 7 Among the key elements in a 
high-speed transimpedance amplifier 
for use with a photodiode are capaci- 
tances at the inverting input (including 
diode, amplifier-input, and parasitic 
capacitance). 



cuit topology, along with basic noise and 
distortion characteristics, is crucial for opti- 
mal product selection. Table 4 summarizes 
the aforementioned discussion and exam- 
ples.B)N 
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MOBILE- AND SMALL-FORM-FACTOR-PRODUCT DESIGNERS TURN TO FABRIC 
TECHNOLOGY AND OFF-THE-SHELF COMPUTER MODULES TO BEAT THE COMPETITION. 



▲ 



new wave of extremely compact embedded 
computing platforms is finding its way into 
industrial, medical, consumer, and other 
space-critical applications- Despite their 
compact size, these small, off-the-shelf com- 
puting elements offer designers full process- 
ing performance and complete I/O features 
in both proprietary and standards-based form 
factors. These undersized but capable com- 
puter modules let designers skip the most 
complex portion of embedded-product 
design and concentrate on the custom cir- 
cuitry unique to their design and reduce hard- 
ware- and software-development schedules. 

As systems shrink and clock speeds esca- 
late, product designers face the daunting task 
of developing a high-performance, state-of-the-art processor section to drive their cus- 
tom embedded circuitry and still meet footprint constraints. To bypass this complex 
design and beat the competition to market, many designers are turning to new, small- 
form-factor, plug-in modules that integrate the CPU and standard peripherals. These 
off-the-shelf processor modules allow designers to trade substantial savings in NRE 
(nonrecurring- engineering) charges for slightly higher recurring costs. 

Plug-in processors, also known as COM (computer-on-module) processors or core 
modules, make sense in embedded-system designs in which a single pc board houses 
all electronics, including the CPU, processor peripheral interfaces, mass storage, and 
application-specific circuitry. Single-board electronics typically find use in smaller or 




portable embedded systems, such as 
instrumentation, medical products, set- 
top boxes, kiosks, and game consoles. 
With a compatible baseboard design, you 
can purchase a large portion of the sys- 
tem's computer and general-purpose 
electronics on a replaceable plug- in mod- 
ule to shorten design schedules, ease sys- 
tem debugging, simplify upgrades, and 
reduce life-cycle costs. 

A replaceable processor section pro- 
vides several technical and economic 
advantages over traditional single-board 
designs. For example, designers can pro- 
vide their embedded systems with a more 
sophisticated processor section to take 
advantage of advanced features, such as 



networking, graphical displays, complex 
software, and real-time operating systems, 
that would be difficult to implement on 
a restricted design budget. Instead of 
designing with an 8-bit processor with 
limited peripherals, processor and 
peripheral modules allow designers to eas- 
ily step up to a 16- or 3 2 -bit processor 
with a choice of state-of-the-art I/O. 

Specifying an off-the-shelf processor 
section also affects the makeup of the 
embedded-system-design team. Depend- 
ing on the complexity of the processor 
section, you may be able to reduce the 
number of designers a project requires. 
The software-design team becomes a 
major beneficiary because a working CPU 



section becomes available long before the 
hardware debugging of application-spe- 
cific devices. Because most embedded- 
hardware-debugging problems occur in 
the more complicated CPU section, a 
module computer also bypasses many of 
the headaches of system checkout. 

MEZZANINE MOVEMENT 

The plug-in-processor concept is not 
new; however, small-form-factor design- 
ers have struggled to get the needed func- 
tions from existing modules. Along with 
numerous proprietary modules, the cur- 
rent PPMC (Processor PCI Mezzanine 
Card) and PC/104 standards provide off- 
the-shelf computing hardware to support 
plug-in-processor designs. PPMC is an 
extension of the original PMC (PCI Mez- 
zanine Card) concept of providing 
replaceable I/O modules in embedded sys- 
tems. VITA (VMEBus International 
Trade Association) maintains the PPMC 
specification, VITA32. With a connec- 
tor arrangement meant for stacking 
boards without a card cage or backplane, 
a PC/ 104 computer board can also serve 
as a mezzanine processor on an embedded 
baseboard. These modules have the addi- 
tional advantage of letting designers stack 
another I/O module on top of the proces- 
sor if they run out of board space. 

To increase bandwidth, reduce the 
number of connector pins, and reduce 
overall board area, module computer 
manufacturers are turning to switched- 
fabric technologies, such as Ethernet, PCI 
Express, Rapid I/O, and InfiniBand. 
Switched-fabric architectures eliminate 
many of the problems associated with par- 
allel, multidrop bus schemes. Datapaths 
may change dynamically to support mul- 
tiple simultaneous data transfers. Each 
connection is also a direct point-to-point 
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AT A GLANCE 

El Fabric-based module computers 
package the CPU, mass storage, 
and peripheral interfaces on a 
replaceable mezzanine card. 



El Small-form-factor computing 
modules allow designers to update 
and retrofit embedded devices 
without product redesign. 



El A new COM Express standard 
compresses a high-performance 
processor and PCI Express interface 
into a 1 25X95-mm form factor. 



El MicroTCA packages Advanced- 
MC (Advanced Mezzanine Card) 
modules directly into a backplane for 
smaller, lower cost applications. 




datapath, yielding better electrical char- 
acteristics and higher bandwidth than bus 
architectures- A sophisticated switched- 
fabric system can also increase system 
availability by routing around defective 
paths or nodes. 

Because of its compatibility with driv- 
er and operating-system software, several 
module standards include PCI Express. 
The developers of PCI Express based it on 
LVDS (low- voltage differential signaling) 
for maximum bandwidth between nodes. 
The basic PCI Express link comprises two 
signal paths that use small differential- 
voltage swings and constant-current line 
drivers to communicate at 2.5 Gbps in 
each direction. Designers expect this data 
rate to increase to 10 Gbps in each direc- 
tion as silicon production technology im- 



proves. Low-voltage swings deliver low 
noise signals at low power consumption. 
You can easily increase the bandwidth of 
an individual PCI Express link by simply 
adding signal pairs, or "lanes," until you 
reach the desired performance level. The 
PCI Express specification supports one-, 
two-, four-, eight-, 16-, and 32-lane widths. 

PFU, Kontron, Intel, and RadiSys orig- 
inally sponsored COM Express, an open 
PICMG (PCI Industrial Computer Man- 
ufacturers Group) industry standard for 
COMs for small-form-factor designs. The 
standard implements new technologies in 
such a way that designers can maintain 
compatibility with legacy circuitry or cre- 
ate new legacy-free products. COM 
Express includes PCI Express to replace 
the PCI bus, PCI Express Graphics to 
replace AGP (Accelerated Graphics 
Port), and Serial ATA (Advanced Tech- 
nology Attachment) to replace Parallel 
ATA. The processor-architecture-agnos- 
tic COM Express defines only industry- 
standard system- I/O interfaces. 

For COM Express, PICMG defined a 
compact basic form factor measuring 
125X95 mm and an extended form fac- 
tor measuring 155X110 mm. With the 
same connector and pin definitions, the 
two sizes are interchangeable, and the 
extended form factor allows for double 
the memory capacity and dual-channel 
memory configurations. COM Express 
board-to-board connectors comprise two 
rows of 220 pins each. The required first 
row includes pins for PCI Express, Serial 
ATA, display, system and power man- 
agement, networking, and power and 
ground interfaces. The optional second 
row provides digital video and legacy PCI 
and IDE signals plus additional PCI 
Express, networking, and power and 
ground signals. 



bus applications. The ETXexpress-PM 
will support four PCI Express lanes and 
PCI Express cards, as well as established 
hardware, such as the 32-bit PCI bus. For 
applications that require real-time video 
capabilities, the ETXexpress-PM has both 
Intel Extreme Graphics 2 and PCI Express 
graphics. The board also has 10/100BaseT 
Ethernet-port networking and USB 2.0 
for external peripherals. ETXexpress 
COM modules will also provide option- 
al interfaces for Serial ATA, Parallel ATA, 
LVDS multimedia ports, and ACPI 
(Advanced Configuration and Power 
Interface) for power management. 

PFU Systems also offers a family of 
COM Express-compliant modules tar- 
geting healthcare, gaming, entertain- 
ment, test, industrial-automation, and 
security applications. The company's 
Plug-N-Run G4 modules are available 
with Intel Pentium M and Celeron M 
processors, featuring as much as 2 Mbytes 
of L2 cache, a 533 -MHz front-side bus, a 
533 -MHz DDR2 memory controller, and 
an integrated Intel graphics-media accel- 
erator (Figure 2). The devices allow for 
flexible man-machine interfaces with 
built-in USB 2.0, AC 97/HD audio, real- 
istic 3-D-graphics rendering, MPEG-2 
decoding, and dual independent-display, 
high-resolution interfaces. An integrated 
10/ 100BaseTX Ethernet with built-in 
PXE (preboot execution environment) 
allows network boot for diskless operation 
and lower hardware costs. Designers can 
implement security features for authenti- 
cation at the user, application, operating 
system, and BIOS levels. Plug-N-Run 
G4B modules in the COM Express basic 
form factor allow as much as 1 Gbyte of 
DDR2 memory expansion, and modules 
in the COM Express extended form fac- 
tor are available with dual-channel mem- 
ory configurations for as much as 2 Gbytes 
of memory. 

Radisys has introduced the Procelerant 
CE COM Express-compliant product 
family, comprising a carrier board and four 
COMs for use in ultrasmall-form-factor 
computing systems. The modules feature 
a variety of Intel processors and as much 
as 1 Gbyte of DDR2 DRAM, dual display 
interfaces, an AC97 audio interface, 
Gigabit Ethernet, PCI Express, and 
PCI support. The Procelerant CR100 
Flex ATX carrier development-platform 
board enables customers to immediately 
begin designing with COM Express mod- 




Figure 1 The 
COM Express-com- 
patible ETXexpress-PM 
module from Kontron provides 
a low-power processor along with state- 
of-the-art-l/O interfaces. 



TAKE THE EXPRESS 

Board manufacturers have 
adapted the ETX (Em- 
bedded Technology Ex- 
tended) Express form factor to 
implement the PICMG COM 
Express specification. For example, 
Kontron based its new ETXexpress-PM 
module on the Intel Pentium M and 
Celeron M processors, as well as on the 
Intel 915GM chip set; the module con- 
forms to COM Express (Figure 1). PCI 
Express is the primary datapath, and a 32- 
bit PCI 2.1 interface supports legacy PCI- 
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National Instruments LabVIEW 8 delivers distributed 
intelligence — a powerful suite of newcapabilitiesfor 
you to easily design, distribute, and synchronize 
intelligent devices and systems. Whether you are 
testing electronics, mechanical structures, or 
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LabVIEW 



graphical development. With more than 100 new 
features combined with the open, project-based 
LabVIEW environment, connectivity to thousands of 
measurement devices, and scalable development 
tools for projects ranging from benchtop 



dynamic systems, Nl LabVIEW 8 equips you to tackle the most measurements to ATE systems, LabVIEW 8 is the intelligent 
difficult test challenges with the ease and productivity of solution foryour application. 



ni.com/labview 



(800)4536202 
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Figure 2 PFU Systems' Plug-N-Run G4 modules provide flexible man-machine 
interfaces in basic and extended COM Express form factors. 



ules and use the development platform as 
a baseline for customer-specific COM 
Express carrier boards (Figure 3)- The 
CR1 00 carrier boards bring key features 
from the COM Express module to con- 
nectors on the board. The expansion 
options on the CR1 00 include two 3 2 -bit, 
33-MHz 33V PCI slots; one PCI Express 
card slot; and two one-lane-wide PCI 
Express slots- These expansion offerings 
enable customers to move their I/O from 
PCI to PCI Express using the same mod- 
ule and carrier. The CR1 00 boards also 
include an LVDS flat-panel interface; 
dual DVI-I ports with analog VGA, USB, 
Serial ATA, and ATA; IEE1394; 100- 
Mbit Ethernet; and an ATX power con- 
nector. Prices for the Procelerant CE 
products start at $489 (small quantities). 

TELECOM TREATS 

Another fabric-based-module comput- 
er standard emerged from the recent 
AdvancedTCA (Telecom Computing 
Architecture) initiative. Telecom de- 
signers wanted a hot-swappable, field- 
replaceable mezzanine module to lower 
maintenance costs and reduce downtime. 
To complement the high-performance 
features of AdvancedTCA, these new 
mezzanine modules also required remote 
management, switched-fabric technology, 
and a greatly improved power budget. In 
early 2005, PICMG released the first 
AdvancedMC (Advanced Mezzanine 
Card) specifications that define the form 
factor, connector, power and thermal 
characteristics, management, clocking, 
and fabric options. AdvancedMC mod- 
ules include single-width, double-width, 
half-height, and full-height form factors. 
The basic single-width module measures 
approximately 74X183 mm. On the in- 
terconnect side, AdvancedMC supports 
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El For more information, check out the 
following related articles: 

E3 "Pump it up: PCI Express/' www. 
edn.com/article/CA31 6047 

[3 "Fabric technologies reach the 
mezzanine level/' www.edn.com/ 
article/CA605525 

H "Profit with plug-in processors/' 
www.edn.com/article/CA238439 



high-speed serial interconnects, which 
will eventually include all of the switched 
fabrics that AdvancedTCA allows. The 
base specification defines a fabric interface 
with as many as 21 ports or 42 differen- 
tial pairs, providing full-duplex, point-to- 
point connectivity between modules or to 
the baseboard. At 12.5 Gbps per port, 
AdvancedMC can handle multiple lanes 
of protocols, such as Ethernet, PCI 
Express, Rapid I/O, and InfiniBand. 

You can use the single-width, full- 
height KosaiPM AdvancedMC from 
Artesyn Technologies with an Ad- 
vancedTCA or proprietary carrier cards 
(Figure 4). According to Michael Fran- 
co, hardware -engineering manager at 
Artesyn, "AdvancedMC is the first mez- 
zanine architecture to provide hot swap- 
pability and integrated system manage- 
ment, which enables designers to re- 
motely monitor, control, and replace indi- 
vidual modules in the field." Targeting use 
in embedded control, KosaiPM features 
a 1 .6-GHz Pentium M processor with a 
400-MHz, 3.2-Gbyte/sec front-side bus; 
1 Mbyte of Level 2 cache; and SIMD 
(single-instruction-multiple-data) ex- 
tensions for computationally intensive 
applications, such as multimedia and 
packet processing. KosaiPM also features 
a server-class E7501 north bridge, which 
gives the Pentium processor high-speed 
access to as much as 2 Gbytes of local 
ECC SDRAM. The north bridge also 
connects to a 64-bit PCI-X bridge, which 
provides high-speed access to two Giga- 
bit Ethernet channels, as much as 128 




Figure 3 The Procelerant CR100 Flex 
ATX carrier board from Radisys serves as 
a COM Express development platform or 
carrier-board baseline. 



Mbytes of flash memory, a USB interface, 
an PC system-management interface, and 
a front-panel 10/100BaseT management 
interface. KosaiPM communicates with 
the carrier card through two Gigabit Eth- 
ernet channels and the PC-based IPMI 
(intelligent platform-management inter- 
face). Operating-system support for 
KosaiPM includes carrier-grade Linux. 
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Precision Level-Shifting Difference Amplifier 

The new INA159 is a unique, level-shifting difference amplifier with a gain of 0.2. 
Designed to simply and accurately interface ±1 0V signals to single-supply ADCs, 
INA159 is particularly well-suited to applications with 4.096V and 5V references. 
It also is designed to drive 16-bit ADCs such as ADS8325, offering a combination 
of low gain error, high DC precision, excellent AC performance, and low output 
impedance. Achieve more: order your samples today. 



► Applications 

- Differential to single-ended 
conversion 

- Industrial process control 

- Data acquisition 

- Test equipment 

- Instrumentation 

► Features 

- Gain of 0.2 ±0.02% (max) 

- Low offset: ±100uV 
-Low drift: 1.5uV/°C 
-Wide bandwidth: 1.5MHz 

- Single-supply operation 
down to 1 .8V 
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INA152 


Excellent Output Swing 


1 
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1 
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0.3 
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5 


80 
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S0IC-8/-14 


$2.35 


INA143 


High Precision, G = 10 or 0.1 


1 


10, 0.1 


250 


3 


86 


0.15 


±2.25 to ±18 


1.2 


S0IC-8/-14 


$1.40 


INA2143 


Dual INA143 
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250 
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KosaiPM costs $1500 (OEM quantities). 

SBS Technologies recently introduced 
the single-width, full-height Telum 
ASLP10 AdvancedMC processor board 
with integrated low-power Intel Pentium 
M processor and dual Gigabit Ethernet 
channels (Figure 5). The module sup- 
ports full hot-swap capabilities and targets 
use in wireless base stations, voice over 
Internet Protocol, test and measurement 
systems, media servers, base-station con- 
trollers, and server blades- The Telum 
ASLP10 includes as much as 2 Gbytes of 
400-MHz DDR2 SDRAM with ECC and 
an eight-lane PCI Express data port 
through the AdvancedMC connector. 
The board also includes a management 
controller for power sequencing, hot-swap 
capabilities, and module management- 
Rubin Dhillon, general manager of SBS 
Technologies' communications division, 
says, "The Telum ASLP10 gives system 
integrators the high performance of the 
latest Intel Pentium M processor, Giga- 
bit Ethernet bandwidth, and excellent 
thermal properties, helping them maxi- 
mize their high-performance system 
designs. This module is designed to 
enable today's modular- system architec- 
tures." The Telum ASLP10 supports 
MontaVista Linux carrier-grade and 
SUSE (Gesellschaft fur Software-und 
Systementwicklung MBH) Linux carrier- 
grade operating systems. The price for the 
Telum ASLP10 starts at $1750 (OEM 
quantities). 

MAKE MINE MICRO 

With the high-performance, hot- 
swap, switched-fabric, and management 
features of AdvancedMC, designers sug- 
gest using these modules to plug directly 
into a backplane for small, stand-alone 
systems. As such, MicroTCA in October 
2004 became a PICMG draft-system 
architecture specification. MicroTCA 

FOR MORE INFORMATION 
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www.artesyn.com 

Intel 

www.intel.com 
Kontron 

www.kontron.com 
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www.pfusystems.com 
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Industrial Computer 
Manufacturers Group) 
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Radisys 

www.radisys.com 

SBS Technologies 
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International Trade 
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Figure 4 KosaiPM, an AdvancedMC from 
Artesyn, features hot swap and integrated 
system management in a compact form 
factor. 
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Figure 5 SBS Technologies' AdvancedMC Telum ASLP10 includes a low-power Intel 
Pentium M processor and dual Gigabit Ethernet channels. 



provides a stand-alone chassis with a 
backplane that directly accepts Ad- 
vancedMCs, thereby eliminating the 
need for an AdvancedTCA carrier 
board- The smaller form factor makes the 
concept viable for lower budget applica- 
tions in telecom and a wide range of 
embedded-system projects- Although 
PICMG has not yet released it, a pro- 
posed chassis configuration includes a 
4U-highX 19-in.-wide unit that provides 
12V payload power, management, and 
cooling for as many as 48 half-height, 
single-width AdvancedMC modules. 
PICMG is also considering a cube design, 
measuring approximately 8 in. on a side. 
Designers are shooting for chassis-hard- 
ware costs of approximately $500 by the 
projected release date of mid-2006. 

New fabric-based, small-form-factor- 
module computers give designers the 
opportunity to purchase one of the most 



complex portions of compact- or mobile- 
product development. High-perform- 
ance, off-the-shelf processor modules fit 
many embedded devices, leaving the 
design team with the application-specif- 
ic technology, including the electronics, 
power supply, operator interface, packag- 
ing, and software. With a shortened 
design schedule and early access to a com- 
patible software-development platform, 
the latest generation of plug- in processors 
promises to usher in a new era of rapid 
product development.EDN 
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Technical Editor 
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and wwebb@edn.com. 
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REAR-PASSENGER FLAT-PANEL DISPLAYS 
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GPS NAVIGATION 
DVD PLAYER 
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HEAD-UP DISPLAYS 
DASHBOARD-INSTRUMENT CLUSTER 
TELEMATIC SYSTEM 
CLIMATE CONTROL 
ELECTRONIC POWER-ROOF SYSTEM 
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HID HEADLAMP 
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Figure 1 Electronic complexity in cars is 
increasing. New Mercedes S-Class cars 
employ at least 70 networked ECUs (elec- 
tronic control units); 10 years ago, most cars 
had three ECUs (photo courtesy of 
DaimlerChrylser; source: Gartner Research, 
November 2005). 



BY MICHAEL SANTARINI • SENIOR EDITOR 

DESIGN 

CHALLENGES 

steer automotive electronics 

THE AUTOMOTIVE INDUSTRY USES SOPHISTICATED MECHANICAL DESIGN TOOLS 
BUT COULD BENEFIT FROM ELECTRONIC SYSTEM DESIGN AUTOMATION. 



Sit in any new car, and it doesn't take long to notice 
that a lot more electronic components exist in vehi- 
cles today than did five years ago. But the GPS, 
satellite radio, DVD/video screen, automatic climate 
control, and gas-mileage-monitoring features, along 
with the AM/FM radio, CD player, and power doors, 
windows, and mirrors aren't all of the electronics in a vehicle. 

In fact, under the hood and in the body — in just about every sys- 
tem in which 10 years ago an actuator drove the mechanical or 
hydraulic system — there is now likely an electronic sensor and switch 
augmenting the mechanical and hydraulic systems or even replacing 



them. Many of theses systems, ECUs 
(electronic control units), are mission- 
critical, controlling the brakes, air bags, 
and steering. As such, they have to be 
100% reliable, with tolerances nearing 
military and aerospace requirements but 
at consumer- electronics prices. 

About 40% of the overall cost of 
today's automobile involves electrical sys- 
tems and software design, yet electronics 
is the least automated design discipline in 
the automotive sector. 

"We used to joke that body and sheet- 
metal guys used an innovation called 
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AT A GLANCE 

El Electronics and software make up 
40% of an automobile's cost. 



El Automotive ICs must be highly 
reliable and extremely inexpensive. 



El Automakers design cars four 
years ahead of their release date. 



El GM's 2004 net revenue was 
$193 billion. The entire semiconduc- 
tor industry posted revenue of $213 
billion in 2004. 



El More than 25 million vehicles 
were recalled in 2004, more than 
any other year, according to the 
NHTSA (National Highway Traffic 
Safety Administration). 



'CAD' to design every nonelectric piece 
of an automobile, and all they had left for 
the electronics department was an inno- 
vation called pen and paper," says Jon 
Friedman, who before becoming director 
of the automotive- industry marketing 
group at The Math works worked in elec- 
tronic design at an auto manufacturer. 

Now, however, driven by consumer 
demand for new "electronic bling" and 
the need to make cars more reliable, 
automakers are in a tizzy trying to restaff 
and retool an industry that until recent- 
ly mechanical engineers and design soft- 
ware had dominated. In this new age for 
the automotive industry, automakers 
need an increasingly electronics-savvy 
staff and supplier-support structure that 
can deal with electronic-design issues 



that are unique to the automotive area. 

In Reed Business' 2005 Movers and 
Shakers electronics forecast, the head of 
General Motors research-and-develop- 
ment group, Alan Taub, details the busi- 
ness challenges GM faces as the compa- 
ny and the rest of the automotive indus- 
try move toward the "electronification of 
the vehicle" (Reference 1). Taub de- 
scribes the electronics for enriching and 
making safer the driving experience, such 
as adaptive cruise control, OnStar tele- 
matics for monitoring the automobile and 
the well being of its occupants, and even 
advanced crash-avoidance systems that 
steer the car away from an accident. 

Industry experts see electronics as the 
cheaper and safer alternative to slow 
mechanical systems that more quickly 
wear out over time in automobiles. Mov- 
ing to more reliable ECUs instead of 
hydraulics and mechanical-based systems 
means a safer vehicle, fewer hits on a war- 
ranty, fewer recalls, and ultimately, auto- 
makers hope, greater profit for them and 
the rest of the design chain. 

Electronics promises to play a bigger role 
as automakers move to more innovation 
in hybridization and explore alternative 
fuel sources, such as hydrogen and even 
carbon. But employing these advanced 
systems and networking them present 
numerous challenges all the way down the 
automotive-electronics design chain. 

THREE-TIER SYSTEM 

Today's auto manufacturers, or OEMs, 
don't design electrical systems. Rather, 
they rely on "tier-one" suppliers — com- 
panies such as Bosch, Delphi, Visteon, 
Bose, and 70 or so others that design the 



electronic subsystems that make up the 
automobile. Tier-one vendors, in turn, 
rely on tier-two vendors — essentially 
semiconductor and pc-board-design ven- 
dors — to supply and even custom design 
components for each ECU. 

Automakers design automobiles four 
years in advance of their commercial 
release, so auto manufacturers today are 
working on 2009 cars, vans, SUVs, and 
trucks that they will release in mid- 2008. 

Traditionally, auto manufacturers devise 
a rough electronic specification for a vehi- 
cle that contains a list of ECUs, their 
behavioral specifications, and some data 
about the networks on which the ECUs 
will run, including low- and high-speed 
CANs (controller- area networks), LINs 
(local- interconnect networks), and even 
the emerging FlexRay. "Some manufac- 
turers will specify performance and some 
will even [detail] vibration characteristics, 
but only in rare cases will they specify the 
electronic components that will be used 
to implement those specifications," says 
Jack Morgan, senior director of the auto- 
motive group at Philips Semiconductors. 
"They do the 'paper job,' and rely on sup- 
pliers for nitty-gritty details." 

After creating the rough specification, 
the auto manufacturers shop that specifi- 
cation around and take bids from tier-one 
suppliers. They sometimes select three or 
more tier-one suppliers for each ECU. The 
auto manufacturers typically demand that 
suppliers deliver a prototype — usually a 
breadboard — for a given ECU within six 
months to prove functionality. 

After the prototype passes the func- 
tionality test at an OEM, the tier-one sup- 
pliers begin designing the actual scale- 



TABLE 1 AUTOMOTIVE REVENUE FOR SEMICONDUCTOR COMPANIES 
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2004 automotive- 
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Top 1 auto 
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Top 1 tier- 
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of semiconductors 
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for 2004 


manufacturers 


(millions) 


one chip buyers 
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to automotive 
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General Motors 


8.71 


Bosch 


$2100 


Freescale 


$1806 


2 


Toyota 


7.83 


Delphi 


$1334.5 


Infineon 


$1363 


3 


Ford 


6.63 


Siemens 


$1261.1 


STMicroelectronics 


$1329 


4 


VW Group 


5.1 


Denso 


$1065.4 


Renesas 


$1107 


5 


DaimlerChrysler 


4.31 


Johnson Controls 


$820 


NEC 


$960 


6 


Hyundai 


3.56 


Continental 


$591.8 


Philips 


$899 


7 


Nissan 


3.38 


Mitsubishi Electric 


$524.9 


Bosch 


$884 


8 


PSA Peugeot Citroen 


3.36 


Visteon 


$513.1 


Toshiba 


$630 


9 


Honda 


3.18 


Clarion 


$507.7 


Texas Instruments 


$514 


10 


Renault 


2.55 


Pioneer Electric 


$459.3 


Fujitsu 


$482 



Source: Gartner 
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Avoid the Dreaded 
Choice Between Low 
Power and Precision 

With 400nA operating current, typical power 
consumption of just 1 .08|j-Watt and guaranteed 
initial accuracy as low as ±0.5mV, Intersil's 
ISL60007 eliminates the need to compromise 
accuracy and thermal stability for reduced 
power consumption. 

Intersil's FGA™ technology enables nanopower operation, making 
the ISL60007 the first high-precision voltage reference with power 
consumption low enough to simply leave power on continuously in 
battery operated circuits. 




RELATIVE POWER CONSUMPTION 



Vqut ACCURACY vs TEMPERATURE 



At 400nA typical 
Operating Current, 
Intersil's ISL60007 
requires 1-to-2 orders 
of magnitude less 
power to operate than 
competitive devices. 
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ISL60007 Key Parameters 



Description 


Conditions 


Device# 


MIN 


TYP 


MAX 


Units 


Reference Vout 


@-40°C<Ta<+85°C 


ISL60007B25 


-2.4995 




+2.5005 








ISL60007C25 


-2.4995 


2.500 


+2.5005 


V 






ISL60007D25 


-2.4990 




+2.5010 




Vout TempCo 


@-40°C<Ta<+85°C 


ISL60007B25 






3 








ISL60007C25 






5 


ppm/°C 






ISL60007D25 






10 


Supply Current 


@-40°C<Ta< + 85°C 






400 


800 


nA 


Input Voltage 


@-40°C<Ta<+85°C 




2.7 




5.5 


V 


Long Term Stability 


ATA= 125X 




10 




ppm/VlkHrs 



Datasheet, free samples, and 
more information available at 
www.intersil.com/edn 

Intersil 
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©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
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model ECUs with some help from tier- 
two suppliers. It is common for a tier-one 
vendor to supply ICs for two tier-one sup- 
pliers manufacturing the same ECU for a 
given auto manufacturer. 

The suppliers submit the scale-model 
ECUs to the OEM, who designs the wire 
harness with essentially giant-scale routing 
software that helps the auto manufactur- 
ers weave the miles of wires and hundreds 
of points of wires that will connect the var- 
ious ECUs. During this time, the specifi- 
cations for ECUs can often change. The 
fact that some automobiles can have mul- 
tiple derivatives that car dealers call 
"options" further complicates the process. 
This scenario means that vendors must 
supply multiple variants of a given ECU to 
ensure not only that it functions properly 
on its own but also that it does not inter- 
fere with the performance and reliability 
of other ECUs and in multiple system con- 
figurations. 

"Traditionally, the automotive compa- 
nies only start testing when the last piece 
of hardware becomes available; that 
[approach] doesn't work anymore," says 
Friedman. "The automotive industry has 
a build-then-test mentality: You bend 
sheet metal, forge iron, and see how [it] 
works. When you had one engine and 



one vehicle, you [could] build it and test 
it. But in vehicles I worked on, we had 
2000 to 3000 buildable electrical combi- 
nations; you can't build all those." 

Indeed, every automotive company 
faces the tough task of quickly balancing 
long automotive-design cycles and the 
fickle demands that consumers place on 
electronic gadgetry. "There is especially 
a lot of the pressure in the infotainment 
area, where consumers want a seamless 
experience between what they do inside 
their car and what they do outside their 
car," says David Stone, NEC's technical- 
marketing manager. "The industry is 
pushed to figure out how to bridge this his- 
tory of enormous reliability and superlong 
planning cycles with the idea that people 
are changing out their consumer products 
every 16 months or even every year." 

OEMs are trying to meet many of these 
demands by incorporating standard in- 
terfaces such as wired and wireless USB, 
Bluetooth, and others into car designs 
and by increasing the use of platform 
design or even programmable logic. All 
of these technologies show promise for 
allowing OEMs to move more easily with 
consumer demands and possibly update 
the electronics on an automobile that 
could be on the road for more than 10 



years — the equivalent of five or six con- 
sumer-product generations. 

In the last 10 to 15 years, the number 
of ECUs in most automobiles has 
climbed from three to 15, and to as many 
as 70 in high-end automobiles, such as the 
Mercedes S-class and 7 -Series BMWs 
(Figure 1). Although you can attribute 
much of this increase to new electronic 
gadgetry for entertainment, once-simple 
functions, such as interior lighting, have 
become much more sophisticated. 

Stephan Lehmann, strategic-marketing 
manager for Freescale's global automotive 
business, says the Volkswagen Beetle is a 
prime example of how the number of 
ECUs is increasing in a car. Lehmann notes 
that the old Beetle had a simple electric 
switch, so that when you opened a door the 
overhead light would come on. That light 
would shut off when you closed the door. 

That simple switch has evolved into a 
complex ECU that networks into the 
overall body controller. That same light 
switch links to the doors' opening and 
closing and helps dim, then eventually 
shut off, the interior lights after a driver 
starts the car. It also networks to the air- 
bag controller to turn on when the air bag 
deploys, so car occupants can better eval- 
uate the situation following a collision. 
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Figure 2 Semiconductor content is growing in the automotive industry. The current trend is to use more standard products (more 
microprocessors and controllers and ASSPs than ASICs), but ASIC use is still growing. (Charts courtesy of Gartner Dataquest 
November 2005 worldwide-semiconductor-forecast database.) 
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Highly Integrated Stereo CODEC Ideal for 
Portable, Low-Power Digital Audio Applications 



Free Sample 



CS42L51 — New IC Minimizes Player Component Count, Size & Cost 



Register for a free sample 
of the CS42L51 today. 
Plus, get the datasheet, application 
notes and more. 

www.cirrus.com/CS42L51 



• Ground-centered outputs reduce 
bill-of-material costs and save 
space — eliminating the need for large, 
expensive dc-blocking capacitors. 



* Consumes less than 12 mW 
@ 1.8 v power supply. 



• Available in a 32-QFN 

LEAD-FREE ASSEMBLY. 

Priced from $3.95 (US) in IK qty. 



The CS42L51 delivers excellent 
audio performance while providing 
portable device developers with an 
innovative solution that maximizes 
battery life while minimizing end- 
product form factors. The CS42L51's 
key distinction is that it operates 
from a single, 1.8 V power supply for 
low-power consumption, yet delivers 
plenty of output power, 46mW, into 
stereo 16 Q headphones for a great 
listening experience. This highly 
integrated 24-bit, 96-kHz stereo 
CODEC is based on a multi-bit 
Delta-Sigma architecture which 
allows infinite sample-rate adjustment 
between 4 kHz and 100 kHz. 

Applications 



By generating its own on-chip 
negative power supply voltage, the 
CS42L51 provides ground-centered 
outputs, which eliminates costly, 
space-consuming DC blocking 
capacitors required by some com- 
peting solutions. The elimination 
of these capacitors not only reduces 
the implementation cost but it also 
greatly simplifies product design and 
saves valuable circuit board space. 

This next-generation CODEC is an 
ideal choice for any portable audio 
product developer. For complete 
specifications and to register for a 
free sample, visit our web site today. 



• Hard-disc drive & Flash-based 
portable audio players 

• Personal media players 

• Mini-disc players & recorders 

• PDA's & smart phones 

• Digital cameras & camcorders 



Digital voice recorders 
Wireless headsets 
Guitar effects pedals 
Portable audio recording systems 
Portable gaming systems 

www.cirrus.com/CS42L51 
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Even analog-power devices, which 
heretofore transferred battery power to 
ECUs, have become more sophisticated. 
Today, power-control units have replaced 
traditional relay-control units. 

"The power technology in lamps and 
windshield wipers today are really quite 
sophisticated," says Morgan. "It is under 
the control of the microcontroller, which 
tells it how much power to allow. Rather 
than just turn on, it says 'I know this load 
on this lamp to be 4A,' and if the load 
exceeds that value, the lamp will turn off 
immediately. A traditional relay control 
would just turn it on, despite the short, 
and would burn up. Then you would have 
to buy all kinds of expensive pieces in- 
stead of replacing a bulb or a small wire." 

NETWORKS AND BUSES 

ECUs coordinate and connect by means 
of an in-car network. Each automobile 
typically employs a minimum of three net- 
works running simultaneously. A standard 
bus configuration would use high-speed 
CAN for power- train and safety controls, 
low-speed CAN for body functions, and 
even a subnetwork, such as LIN, for func- 
tions controlling power windows. 

The most common network bus in auto- 
mobiles is the CAN. By many standards, 
the CAN is showing its age, with critics 
claiming it is too slow and not determin- 
istic enough for you to accurately set or 
analyze timing of signals across the net- 
work. New networks, such as FlexRay, are 
much faster and are more deterministic; 
however, there has been slow but sure 
adoption and support for the standard. 
Designers are also kicking around multi- 
ple networks for the infotainment portion 
of an automobile, such as MOST (Media 
Oriented Systems Transport) and IDB 
(Intelligent Transport System Data Bus). 

UNIQUE DESIGN CHALLENGES 

Automotive electronics is unique in 
that devices have to be 100% reliable 
across stringent running conditions but 
must at the same time be low cost. "The 
automotive environment is indeed a 
unique environment," says Morgan. 
"What is commonplace in automotive, no 
consumer product can survive, so all our 
semiconductors must work over a broad 
range of temperature — typically from —40 



to + 125°C — and typically the devices are 
lower power and have stringent ESD/ 
EMI requirements. If they get a failure in 
a car, it is nearly a catastrophe. Everything 
has to work in automotive. That puts a lot 
of constraints on an electrical system. 
They are not sloppy constraints either, 
because as you connect all the electronic 
components together, you get a lot of tol- 
erance-stack issues that don't allow you to 
be very sloppy." 

Semiconductor and tier-one companies 
have to conform to OEM PPAT (produc- 
tion-part-approval-process) requirements 
and numerous standards, most notably the 
AECQ100 qualification flow, ISO9001, 
and ISO/TS 6949 (2002), which are qual- 
ity guidelines for tier-two suppliers. 

Vendors such as Freescale, Philips, Infi- 
neon, International Rectifier, and NEC, 
which also offer analog-power devices, 
have to be extremely careful in building 
and testing to these tolerances as analog 
devices are more susceptible to malfunc- 
tion. Infineon, for example, does a lot of 
work on package and die reliability. 

"We really look at how die and pack- 
age work as a system," says Ray Notaran- 
tonio, Infineon Technologies' automo- 
tive-power-applications manager in 
North America. "We qualify our devices 
to 175°C, and that is not a trivial task. 
You also have to get the packages quali- 
fied to that level, too." 

But although playing in the market 
means IC vendors must do extensive test- 
ing, they say it is well worth it, because 
although no electronics segment is expe- 
riencing booming growth and the auto- 
motive market and volumes aren't 
extremely high, automotive semicon- 
ductors provide a relatively sizable, stable 
revenue stream (Table 1). In fact, just 
about every IC manufacturer offers 
something for the automotive space. 

The recent trend is for OEMs and tier- 
one suppliers to use more standard prod- 
ucts and ASSPs (application-specific 
standard products) than ASICs. "Our 
suppliers have traditionally used mostly 
custom ASICs, and to some degree, cus- 
tom processors. This [situation] is 
changing," says Fred Huntzicker, engi- 
neering group manager at GM. "We are 
driving to more commodity solutions, 
and standard solutions are being made 



IN THE FACE OF A SLOW- TO NO-GROWTH EDA 
INDUSTRY, SOME VENDORS HAVE MADE THE 
LEAP OF FAITH THAT A JUMP IN AUTOMOTIVE- 
ELECTRONICS CONTENT WILL LEAD TO GREATER 
DEMAND FOR EDA TOOLS. 



available that meet many of our needs." 

Still, ASICs in the segment grew 6-2%, 
according to a report from Strategic Ana- 
lytics, and 9-2%, according to Gartner 
(Figure 2). However, because of reliabil- 
ity and cost constraints and volume, tier- 
one vendors typically implement ICs in 
older and more proven process geome- 
tries. OEMs would like to see tier-one 
vendors provide the electronics in more 
bleeding-edge silicon processes, but EDA 
software and methodologies aren't reli- 
able and cost-effective enough for most 
IC vendors to go that route. Today, engi- 
neers design most digital ICs for 2008/ 
2009 vehicles using 0.18-micron CMOS. 
Freescale's PowerPC and Renesas' SH- 
series microprocessor units use 0.13- and 
0.12-micron silicon processes for power- 
train ECUs. Engineers probably imple- 
mented the most advanced digital chip in 
the car you are driving today in 0.25- 
micron CMOS. 

In the face of a slow- to no-growth 
EDA industry, some vendors have made 
the leap of faith that a jump in automo- 
tive-electronics content will lead to 
greater demand for EDA tools. But the 
automotive vendors and suppliers say that 
contention is only partly true, and there 
won't be a huge demand for more stan- 
dard IC-design tools. Most chip compa- 
nies and tier-one suppliers already own 
the tools to design pc boards and 130-nm 
ICs. What the industry needs are tools 
targeting automotive-design problems. 

SOC MEANS "SYSTEM ON CAR" 

In particular, the industry needs stream- 
lined communications across the three 
design tiers and for real system-level — sys- 
tem-on-car — design and verification. 
There is a need for modeling from chip, 
to ECU, to network levels to allow the 
OEMs to proactively design a network 
and the required ECUs with model-based 
design and software and pass that system- 



level specification down the design chain. 

To date, traditional EDA companies, 
such as Mentor Graphics and Synopsys, 
have dabbled in automotive tools. Men- 
tor has for many years offered its VeSys 
wire-harness tools for routing cables 
throughout car, airplane, and household- 
appliance chassis, and Synopsys has for 
years offered a mechanical-, electrical-, 
and thermal-simulation tool with Saber. 
Over the last year, Mentor has also added 
to its portfolio a multidiscipline simula- 
tion tool that allows users to describe sig- 
nals with standard VHDL-AMS rather 
than a proprietary language, which 
Saber uses. 

Mentor has seemingly gone one step 
further, jumping into network design by 
purchasing Volcano Communications 
Technologies in May 2005. Mentor's not 
breaking into new territory with that 
acquisition nor is Volcano by any means 
the only game in that area; companies 
such as Vector-CanTech specialize in 
automotive-network design and simula- 
tion. And companies such as The Math- 
works and Vast Systems Technology offer 
advanced ECU models that take strides 
in offering OEMs tools to model an entire 
electrical system and create more precise 
constraints and derivatives more rapidly. 

Volcano and Vector tools attack auto- 
motive-network design from opposing 
angles. Simply put, Volcano requires users 
to know all their ECU constraints and 
then allows them to fit networks to the 
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ECUs. Meanwhile, Vector-CanTech of- 
fers bus-network design and simulation 
into which users plug their ECUs. Both 
companies support multiple bus standards, 
including CAN, LIN, and the emerging 
high-speed-bus protocol, FlexRay. 

Vast focuses on offering ECU -hardware 
modeling, and The Mathworks offers 
ECU-hardware and -software modeling. 
Companies such as ETAS Group and 
Enea focus on software -embedded mod- 
eling and design. 

Real-time design and testing are im- 
perative in the automotive industry, says 
Jeff Kessen, director of strategic market- 
ing and communications for ETAS. "An 
eight-cylinder engine needs fuel-delivery 
computations nearly 500 times per sec- 
ond at high rpm, while an ABS [antilock- 
braking system] can adjust braking force 
more than 10 times per second," he 
notes. 

But it isn't just hardware working with 
software that requires simulation — it's 
working with extreme heat conditions 
and getting bounced around in automo- 
biles over a long period of time. "Some 
OEMs are now integrating a transmission 
ECU with the hydraulic control valves, 
and the ECU is immersed in transmission 
fluid," says Kessen. "With aggressive driv- 
ing on a hot day, the fluid can reach 
150°C (300°F). The motherboard of a PC 
could never survive those conditions." 
That scenario means that a need also 
exists for EDA vendors to expand or part- 
ner with other disciplines — thermal and 
mechanical and perhaps even fluid- 
dynamic tool suppliers. 

One of the reasons that few electronic 
tools for automotive exist is that many 
auto suppliers are secretive (or embar- 
rassed) about their electrical-system 
design flows and don't wish to participate 
in joint standards. One of the most prom- 
ising efforts in standardization is Auto 
SAR (Automotive Open System Archi- 
tecture), which promises to help define 
ECUs and subfunctions in hardware and 
software that are common to all auto- 
mobiles. The group has the support of 
several European auto manufacturers and 
suppliers and hopes to standardize hard- 
ware and software of common functions. 
Doing so, the group hopes to streamline 
communications between design tiers 
and speed automotive-electronic-design 



cycles. Mentor, through its acquisition of 
Volcano, has a director's role in Auto 
SAR, which gives the company more 
power in influencing the direction of the 
standard. 

Mentor and Synopsys are not the only 
big EDA companies drawn to the poten- 
tial opportunity in the automotive indus- 
try. Cadence Design Systems in mid- 2005 
said it is working on a design kit target- 
ing automotive design. It remains to be 
seen whether the kit will include special- 
ized tools or simply bundle existing IC, pc- 
board, and package tools at a price attrac- 
tive to automotive groups within tier-two, 
tier-one, and automotive companies. 

The need for a true system-on-car-level 
tool is not a new concept for Cadence, 
ED As largest vendor. The company had 
offered a tool, VCC (Virtual Component 
Co-Design), which turned out in retro- 
spect to be ahead of its time and certain- 
ly ahead of the auto industry's need for 
system-level modeling.EDN 
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VICOR's CD Seminar is a purely technical 90-minute experience that 
you can run at your own pace. The CD provides power system 
designers with an in-depth technical review of issues including 
electrical, mechanical, and thermal design; EMI, and applications. 
The information is presented in a synchronized format and includes 
printed and video back-up materials which are downloadable. 



YOURS FOR THE ASKING! 

For your complimentary copy of "Designing with Component Power Modules" 
go to vicorpower.com/cd or contact us at 800-735-6200. 

This is the first in a series of Tech Seminar CDs 
and by registering now you will be automatically 
informed as new ones become available. 
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BY CHANGHUA WAN AND JIAN-X ZHENG 



ZELAND SOFTWARE INC 



Designing RF-IC filters 
using an automated circuit 
and layout synthesis 

RF-IC DESIGNERS CAN AUTOMATE 



TEDIOUS FILTER-DESIGN ITERATIONS 
BY INTEGRATING DESIGN STEPS WITH 
AN ELECTROMAGNETIC SIMULATOR 

The filters in an RF IC are important elements, 
affecting the IC's performance, size, and cost- Tra- 
ditionally, design of RF-IC filters requires three 
steps: lumped- element circuit synthesis from spec- 
ifications, layout synthesis of individual circuit 
elements, and manual assembly and adjustment 
of individual elements- These steps make the design time-con- 
suming. However, with a fast and accurate EM (electromag- 
netic) simulator, circuit designers can automate the design of 
RF-IC filters by combining the three steps in a single integrat- 
ed design environment- 
Challenges do exist. Layout synthesis of spiral inductors and 
MIM (metal- insulator- metal) capacitors depends on the speed 
and accuracy of the EM simulator used. Automatic assembly and 
adjustment of spiral inductors and overlay capacitors require 
well-defined rules for interconnections, element separation, and 
input/output arrangement. 

AUTOMATING CIRCUIT AND LAYOUT SYNTHESIS 

The first step is to electrically synthesize a lumped-element 
filter according to its specifications. It involves synthesizing a 
lowpass-filter prototype and transforming the prototype to a 
desired filter type if the goal is a highpass, bandpass, or band- 
stop response (Figure 1). 

The second step is to physically synthesize inductors and 
capacitors. In RF ICs, a spiral is the best choice for implementing 
an inductor. For simplicity, this article considers only square spi- 
rals. The filter's capacitor can take two forms: a MIM capaci- 
tor or an interdigital capacitor. In capacitance value, the MIM 
capacitor has a larger range than the interdigital capacitor. 
Therefore, you use MIM capacitors to simplify the automatic 
synthesis. Figure 2 illustrates the translation of electrical ele- 
ments to their physical layout. 

You must lay out inductors in such a way that their connec- 
tions with other inductors and capacitors require minimum chip 
area. A natural approach to inductor layout is to make input 
and output traces in parallel. Figure 3 shows the eight cases cor- 
responding to spirals of two to 2.875 turns with 0.125-turn incre- 
ments. 

The last step is to assemble individual elements in layout for- 
mat to generate a complete filter. To achieve this goal, the 
designer needs to specify the distance, d, between two neigh- 
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Figure 1 Electrically synthesizing a lumped-element filter accord- 
ing to its specifications involves synthesizing a lowpass-filter 
prototype and transforming the prototype to a desired filter type. 
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Figure 2 The second step of automating circuit and layout 
synthesis involves translating an inductor from symbol to layout 
(a) and translating a capacitor from symbol to layout (b). 
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Figure 3 Eight turn-dependent cases of inductor layout 
correspond to spirals of two to 2.875 turns with 0.1 25-turn 
increments. 
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Figure 4 The LC section may be lowpass (a) or highpass (b). 



(a) 




(b) 

Figure 5 For a series branch, L and C form a bandpass (a) and 
bandstop (b) combination. For a shunt branch, in contrast, L and 
C form a bandstop (a) and bandpass (b) combination. 




Figure 6 The automatic circuit and layout 
synthesis for a highpass filter meeting the 
specifications listed in Table 1 produces 
these element values of the target high- 
pass filter in lumped-element form. 



boring components and the length of a feedline, 1, from a com- 
ponent to signal or ground lines or to a junction. Figure 4a shows 
a lowpass LC section, and Figure 4b depicts a highpass one. 

For bandpass or bandstop filters, a single element from a low- 
pass-filter prototype translates to a pair of L and C in series or 
parallel. For a series branch, figures 5a and 5b represent, respec- 
tively, a bandpass- and bandstop-LC combination. For a shunt 
branch, in contrast, figures 5 a and 5b represent, respectively, 
a bandstop- and a bandpass-LC combination as opposed to the 
case of a series branch. 

DESIGN EXAMPLE 

A highpass filter is hard to realize in a distributed format in 
RF- and microwave-frequency bands. The automatic circuit and 
layout synthesis for a highpass filter meeting the specifications 
listed in Table 1 produces the element values of the target high- 
pass filter in lumped-element form in Figure 6. 

EM-based automatic layout synthesis of the lumped-element 
highpass filter finds the overlapping length of the MIM capac- 
itor to be 165 microns and the number of turns of the spiral 
inductors to be 4-875 and 3.875, respectively. With the pre- 
scribed distance between adjacent elements and feedline length, 
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We Me the Heat 




100% Tested 150°C Analog ICs 



"Under-the-hood" environmental conditions present significant challenges to semiconductors due to temperature extremes, 
especially in high power devices. Thankfully, Linear's growing family of 150°C junction temperature-capable ICs are tested 
and guaranteed to perform in this environment. Our products include high voltage monolithic switching regulators, controllers 
and linear regulators. See the table below for our current offering. 



High Junction Temperature Capable ICs 



Part No. 


Vin Range 


Output Current 


Topology 


Tj(MAX)°C 


Package 


LT3012/3 


4V to 80V 


250mA 


LDO 


150 


TSSOP-16E 


LT3437 


3.3V to 80V 


400mA 


Buck Converter 


140 


TSSOP-16E 


LT1766 


5.5V to 60V 


1.25A 


Buck Converter 


140 


TSSOP-16E 


LT1976 


3.3V to 60V 


1.25A 


Buck Converter 


140 


TSSOP-16E 


LT1936 


3.6V to 36V 


1.4A 


Buck Converter 


150 


MS0P-8E 


LTC @ 3803-5 


6V to 72V 


3A 


Flyback Controller 


150 


ThinSOT™ 


LTC1772 


2.5V to 9.8V 


5A 


Buck Controller 


140 


ThinSOT 


LTC3731 


4.5V to 36V 


60A 


Sync Buck Controller 


140 


SSOP-36 



Info & Free Samples 



www.linear.com/automotive 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




U, LTC, IT and Burst Mode are registered trademarks and 
ThinSOT and True Color PWM are trademarks of Linear 
Technology Corporation. All other trademarks are the property 
of their respective owners. 
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Figure 7 With the prescribed distance between adjacent elements and feedline length, the layout synthesis also automatically assem- 
bles all the elements and adds necessary extensions, connections, and pads to produce a complete filter layout. 
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Figure 8 IE3D, a commercial EM simulator, simulates the filter. 



TABLE 1 SPECIFICATIONS FOR EXAMPLE RF 


HIGH PASS FILTER 




Cutoff frequency 


2 GHz 


Reference impedance 


50H 


Insertion-loss ripple (Chebyshev) 


0.1 dB 


Minimum attenuation at and below 1.5 GHz 


20 dB 


Substrate 


500-micron silicon 


Oxide 


4.5-micron silicon-dioxide 


Width of spiral trace 


1 3 microns 


Gap between adjacent traces 


7 microns 


Width of upper MIM-capacitor plate 


1 00 microns 


Width of lower MIM-capacitor plate 


105 microns 


Insulator between capacitor plates 


0.5-micron oxide 


Distance between adjacent elements 


25 microns 



more' 
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\±} We encourage 
your comments! Go 
to www.edn.com/ 
ms4167 and click on 
Feedback Loop to 
post a comment on 
this article. 



the layout synthesis also automatically assembles all the 
elements and adds necessary extensions, connections, and 
pads to produce a complete filter layout (Figure 7)- To 
suit a particular application, chip area, or both, the final 
layout may need some minor 
manual adjustment, but this 
modification does not alter the 
effectiveness of the proposed 
procedure- An adjustment to 
Figure 7 makes the ground 
closer to the signal conductor 
instead of simple extensions of 
traces. 

IE3D, a commercial EM sim- 
ulator, simulates the filter (Fig^ 
ure 8)- The display shows both a highpass response and 
a significant shift of the cutoff frequency, demonstrating 
the validity of the design strategy and the power of the 
tooL The shift is most likely attributable to the inter- 
connections, because the synthesis assumed zero-length 
interconnects . EDN 
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Instant 10A 
Power Supply 




Complete, Quick & Ready. 

The LTM®4600 is a complete 10A switchmode step-down power supply with a built-in inductor, supporting power components 
and compensation circuitry. With high integration and synchronous current mode operation, this DC/DC jiModule™ delivers 
high power at high efficiency in a tiny, low profile surface mount package. Supported by Linear Technology's rigorous testing 
and high reliability processes, the LTM4600 simplifies the design and layout of your next power supply. 



Features 



15mm x 15mm x 2.8mm LGA with 
15 C/W9 JA 

Pb-Free (e 4 ), RoHS Compliant 

Only C BULK Required 

Standard and High Voltage: 
LTM4600EV: 4.5V<Vi N <20V 
LTM4600HVEV: 4.5V<V IN <28V 

0.6V<V O ijt<5V 

Iqut: 10A DC, 14A Peak 

Parallel Two jiModules for 

20A Output 



'out 
5A/DIV 



Ultrafast Transient Response 

2% AVqut with a 5A Step 




(Coir 



25MS/DIV 

: 12V, V 0UT = 1-5V, OA to 5A Load Step 
= 3 x 22]iF CERAMICS, 470jlF POS CAP) 



Info & Online Store 



www.linear.com/micromodule 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 



LTM4600 
Application | 
o Notes 

Available far 
Download 



JZT, LTC, LT, LTM and PolyPhase are registered trademarks and 
piModule is a trademark of Linear Technology Corporation. All 
other trademarks are the property qf their respective owners. 
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14-Bit, 125Msps ADC 

Only 395mW 



10Msps 25Msps 40Msps 65Msps 80Msps 105Msps 125Msps 
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Lowest Noise, Lowest Power, Smallest Solution Size, Pin-Compatible Family 

The LTC®2255 family features excellent AC performance with 72.4dB SNR, 88dB SFDR and extremely low power. At just 
395mW, the LTC2255 consumes nearly half the power of the competition, benefiting wireless base stations, imaging systems 
and portable instrumentation where efficiency and cooling are critical. Part of a pin-compatible family in a small 5mm x 5mm 
OFN package requiring only a few tiny external components, they offer the smallest solution size available. 



Features 



• Sample Rate: 125Msps/105Msps 

• Single 3V Supply (2.85V to 3.4V) 

• Low Power: 395mW/320mW 

• 72.4dB SNR 

• 88dB SFDR 

• Clock Duty Cycle Stabilizer 

• Pin-Compatible Family in 
5mm x 5mm OFN Package 



High Speed ADC Evaluation Board 




Info & Online Store 



www.linearxom 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 



U, LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 
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Easy Drive™ ADCs Simplify Measurement of 
High Impedance Sensors - Design Note 379 

Mark Thoren 



Delta-sigmaADCs, with theirhigh accuracy and high noise 
immunity, are ideal for directly measuring many types 
of sensors. Nevertheless, input sampling currents can 
overwhelm high source impedances or low-bandwidth, 
micropower signal conditioning circuits. The LTC®2484 
family of delta sigma converters solves this problem by 
balancingthe input currents, thus simplifying oreliminat- 
ing the need for signal conditioning circuits. 

Acommonapplicationforadelta-sigmaADCisthermistor 
measurement. Figure 1 shows the LTC2484 connections 
fordirectmeasurementofthermistorsuptolOOkQ.Data 
I/O is through a standard SPI interface and the sampling 
current in each input is approximately: 



~ V CM 



1.5MQ 



, where V CM 



V|N + +V| N " 



or about 1.67|xA when Vref is 5V and both inputs 
are grounded. 
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Figure 2 shows how to balance the thermistor such 
that the ADC input current is minimized. If reference 
resistors R1 and R4 are exactly equal, the input current 
is zero and no errors result. If the reference resistors 
have a 1 % tolerance, the maximum error in the measured 
resistance is 1 ,6£2 due to the slight shift in common mode 
voltage; far less than the 1% error of the reference resis- 
tors themselves. No amplifier is required, making this an 
ideal solution in micropower applications. 

It may be necessary to ground one side of the sensor to 
reduce noise pickup or simplify wiring if the sensor is 
remote. The varying common mode voltage produces a 
3.5kQ full-scale error in the measured resistance if this 
circuit is used without buffering. 

Figure 3 shows how to interface a very low power, low 
bandwidth op amp to the LTC2484. The LT®1494 has 
excellent DC specs for an amplifier with 1.5pA supply 

IT, LTC and LT are registered trademarks and Easy Drive is a trademark of Linear 
Technology Corporation. All other trademarks are the property of their respective 
owners. 




TO IN + 



TO IN" 



Figure 1. LTC2484 Connections 



Figure 2. Centered Sensor 
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current— the maximum offset voltage is 150|jV and 
the open loop gain is 100,000— but its 2kHz bandwidth 
makes it unsuitable for driving conventional delta-sigma 
ADCs. Adding a 1kQ, 0.1 pF filter solves this problem by 
providing a charge reservoir that supplies the LTC2484's 
instantaneous sampling current, while the 1kQ resistor 
isolates thecapacitive loadfromthe LT1494. Don'ttry this 



with an ordinary delta-sigma ADC— the sampling current 
from ADCs with specifications similar to the LTC2484 
family would result in a 1.4mV offset and a 0.69mV 
full-scale error in the circuit shown in Figure 3. The 
LTC2484's balanced input current allows these errors to 
be easily cancelled by placing an identical filter at IN". 
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Figure 3. Grounded, Buffered Sensor 



Figure 4. LTC2484 Demo Board 




Figure 5. LTC2484 Demo Software Screenshot Showing Microvolt Offset and 600nV RMS Noise 



Data Sheet Download 



http://www.linear.com 



For applications help, 
call (408) 432-1900, Ext. 2453 
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CMOS inverters convert RF 
to digital signal 

Francis Rodes, Eliane Gamier, and Guillaume Zingone, 
ENSEIRB, Talence, France 



Applications ranging from fre- 
quency counting and synthesis 
to sensor signal conditioning require 
conversion of RF signals to digital-logic 
levels. In such situations, designers typ- 
ically use a high-speed voltage com- 
parator to perform the RF-to-digital 
conversion. Due to their high gain, 
voltage comparators typically exhibit 
good sensitivity but also present some 
drawbacks. High-speed comparators are 
expensive, difficult to find off the shelf, 
and prone to rapid obsolescence. 

For frequencies as high as 180 MHz, 
the circuit in Figure 1 offers an attrac- 
tive approach. The IC in the design, a 
74LVCU04 very-high-speed CMOS 
hex inverter, is available off the shelf 
and from many sources. Furthermore, 
many applications may already include 
three unused inverters. A single in- 
verter, IC 1A , operating as a linear pre- 
amplifier, forms the converter's input 



stage. Biasing resistor R 3 forces the 
inverter into its linear region by equal- 
izing its input and output voltages at 
one-half of the power-supply voltage, 
V Q1 = V u = ( V DD /2). Because the ac gain 
of a very-high-speed CMOS inverter is 
relatively low at RF (V Q1 / V n ) ^ 7, addi- 
tional gain stages follow the preampli- 
fier. One self-evident approach — a cas- 
cade of additional inverters — presents 
poor stability at low frequencies and at 
dc when no RF source is present. 

The circuit in Figure 1 eliminates 
this drawback thanks to a topology 
based on a Schmitt trigger and ampli- 
fier circuit, IC 1B and IC 1C , that includes 
a frequency-dependent positive-feed- 
back network comprising R p R 2 , C D1 , 
and C D2 . Depending on the input fre- 
quency, the network exhibits two 
behaviors: At high frequencies, the 
decoupling-capacitor pair, C DC1 and 
C DC2 , short-circuits feedback resistor 



DIs Inside 

82 Instrumentation amplifier 
extends DSO 

84 Virtual instrument determines 
magnetic core's B-H-loop charac- 
teristics 

► What are your design problems 
and solutions? Publish them here 
and receive $150! Send your 
Design Ideas to edndesignideas® 
reedbusiness.com. 

R p canceling the time constant intro- 
duced by the positive-feedback net- 
work, R 1 and R 2 , and the input capac- 
itance of inverter IC 1B . Consequently, 
at high frequencies, the three inverters, 
IC 1A , IC 1B , and IC 1C , behave as three 
cascaded, high-speed amplifiers that 
allow the best performance in input- 
signal bandwidth. At dc and low fre- 
quencies, the influence of coupling- 
capacitor pairs C D1 and C D2 is negligi- 
ble, and inverters IC 1B and IC 1C and the 
positive-feedback network, R x and R 2 , 
act as a Schmitt-trigger circuit. The 
choice of the high- and low-threshold 
voltages, V TH and V TT , at the Schmitt 



C D2 

10 nF 




"-1 

100 nH 



c 1 - 

3.6 pF 



C D1 

680 pF 



10 nF 




74LVCU04AD 



R 2 
56k 



-|-680 pF-r"10 nF -r- 3 3V 



yf "CiB IC1 



74LVCU04AD 



DATA 
OUT 



74LVCU04AD 



NOTE: 

ALL COMPONENTS ARE SURFACE-MOUNTED DEVICES. 



Figure 1 Three high-speed CMOS inverters and a few passive components form an RF-to-logic converter. 
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trigger's input, V Q1 , stems from a com- 
promise between input sensitivity at V s 
and ensuring unconditional stability of 
the comparator's output. Equations 1 
and 2 set the high and low threshold 
voltages, respectively: 



TH -" 



DD 



i3 

R 



2 J 



-1.8V. 



V 



V, 



TL -" 



DD 



1- 



R 



2 J 



-1.5V. 



(l) 



(2) 



To counteract a roll-off of sensitivi- 
ty at higher frequencies, add a low-Q 
impedance-matching network com- 
prising L x and C l at the comparator's 
input. Given the design objective of 
obtaining acceptable sensitivity at fre- 
quencies as high as 160 MHz, the net- 
work matches the 5 OH RF source and 
IC 1A 's input impedance, Z n , at 150 
MHz. Unfortunately, manufacturers of 
digital ICs typically do not specify logic 
devices' input impedances. When 
designing the matching network, the 
first task involves using an Agilent 
(www.agilent.com) vector-network 
analyzer to measure the first inverter's 
input scattering parameter, S u , at 
IC 1A 's input, V n . Figure 2 shows a 
Smith-chart plot of the inverter's S n 
parameter. 

Knowing that 




3 11 



(3) 



with Z C =50H, you can use the data in 
Figure 2 to extract the first inverter's 
input impedance at the frequency of 
interest. At 150 MHz, this yields Z n = 
106.1ft -j 116.7ft (at Marker 4 in Fig^ 
ure 2). To determine values for the 
matching network's components, you 
can use any of several software tools 
(references 1 and 2). If you are unfa- 
miliar with Smith-chart computa- 
tions, you can also proceed analytical- 
ly with the following method: 

1. Use series-to-parallel transforma- 
tion formulas (equations 4 and 5) to 
transform the first inverter's input 
impedance into a parallel form: 



Rp 



R s 2 +x s 2 



(4) 



Figure 2 An Agilent N3382A vector-network analyzer obtained this S-param- 
eter plot, which shows S u measured at the first inverter's input for a source 
power level of —6 dBm. 



INPUT 
VOLTAGE 

(mV RMS) 



100 120 140 150 
FREQUENCY (MHz) 




Figure 3 An input-level-versus-frequency plot of the RF-to-digital comparator 
measured from the RF source's reference plane to a clean logic output 
reveals less-than-1 00-mV sensitivity at 1 60 MHz and usable output to 200 
MHz. 



R s +X S 



(5) 



1 



Applying these formulas at 150 MHz 
yields: R p =233H, and Xp= -213ft. 
(At 150 MHz, X p represents an input 
capacitance, C p =5 pE) 

2. Compute an initial version of the 
matching network to perform a match 
between the real part of the first invert- 



er's input impedance, R p , and the 50O 
RF source- Solving equations 6 and 7 
yields values for the matching network's 
elements (Reference 3): 



Rs |R 

CO 



Ci +C P 



1 



Rp 



RpCoVR 



1 



(6) 



(7) 
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WORLD'S SMALLEST, MOST ACCURATE 

BATTERY MONITORS MAXIMIZE 
BATTERY LIFE IN PORTABLE EQUIPMENT 

With 1% threshold accuracy, the MAX6775-MAX6781 allow batteries to operate down to their 
lowest level, thereby maximizing operating time. These miniature ICs are the first battery 
monitors offered in a 1mm x 1.5mm uDFN package. 



Advantages Over the Competition 

♦ 64% Smaller (uDFN vs. SC70) 

♦ 42% More Accurate Threshold 
(1% vs. 1 .75% over Temperature) 

♦ Fixed or Adjustable Hysteresis 

♦ Single- or Dual-Level Monitoring 





Part 


Low-Battery 
Outputs 


Threshold Accuracy 

(%) 


Hysteresis 

(%) 


Supply Current 
(MA) 


Package 


MAX6775/MAX6776 


Single 


1 


0.5,5, or 10 


3 


6-UDFN/5-SC70 


MAX6777/MAX6778 


Single 


1 


Adj 


3 


6-UDFN/5-SC70 


MAX6779/MAX6780/MAX6781 


Dual 


1 


0.5,5, or 10 


3 


6-UDFN/5-SC70 



>kl>JXI>kl 

www.maxim-ic.com 
FREE Battery Management Design Guide — Sent Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. PT) 
For a Design Guide or Free Sample 



^MJBEnTSnSE^B arrow electronics, inc. = electronics marketing 

1-888-MAXIM-IC 1-800-777-2776 1-800-332-8638 

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark. 
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp. 

© 2006 Maxim Integrated Products, Inc. All rights reserved. 
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Applying these formulas at 150 MHz 
yields L^lOO nH, and q +C p -8.7 
pE 

3- Subtract the inverter's input 
capacitance, C p =5 pF, from Equation 
7 to calculate a value for 

c '=r^!F- c ^ 3 - 7pr (8> 

To build the circuit, use standard 
component values that fall closest to 



the computed values: L { = 100 nH, and 
(1^=3.6 pE As the plot of input fre- 
quency versus sensitivity in Figure 3 
shows, the circuit's increased sensitiv- 
ity for 100- to 170-MHz frequencies 
clearly demonstrates the impedance- 
matching network's effectiveness- You 
can optimize the circuit's sensitivity in 
any other frequency band of interest by 
applying this method at the chosen fre- 
quency- The RF-to-digital-logic con- 
verter's power consumption does not 
| change significantly for input signals of 



10 to 180 MHz. Under worst-case con- 
ditions, the current drain does not 
exceed 58 mA for a supply voltage of 
3.3V.EDN 
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Instrumentation amplifier 
extends DSO 

Bob Perrin, Sacramento, CA 



To determine the specifications 
■H of a solar-generating plant, I 
needed to accurately measure the load 
current a product consumed. The prod- 
uct switched several internal devices on 
and off during an interval of several sec- 



onds. An ammeter showed that the cur- 
rent transitions occurred too quickly for 
visual logging, and my managers had 
requested an oscilloscope photo of the 
current waveform's peaks. I rolled out 
our company's cart-mounted DSO (dig- 



ital-storage oscilloscope), inserted a 
low-value resistor in series with the 
product's positive-power-supply input, 
and attempted to make a differential- 
voltage measurement (Channel A 
minus Channel B) across the current- 
sampling resistor. 

Unfortunately, RF noise from a local 
FM-broadcast station swamped the 
small-load-induced fluctuations in the 
voltage developed across the sampling 
resistor, and increasing its resistance 
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Figure 1 Improve your oscilloscope's performance in high-RF-noise environments by adding an instrumentation-amplifier 
front end. For best results, package the circuitry in a metal enclosure. 
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ONLY ONE DIGITAL TEMP SENSOR 
OFFERS ±0.5°C ACCURACY AND 
1 .7V TO 3.5V OPERATION 

The DS620 is ideal for low-power, battery-operated applications that require precise thermal 
regulation in a low-voltage environment. Supporting an industry-standard 2-wire interface, 
design-in is simple. With nonvolatile configuration and user-defined data storage, programming 
is easy. Typical applications include portable temperature loggers, portable medical 
equipment, networking equipment, servers and computers, test equipment, and any thermally 
sensitive system. 

±0.5°C ACCURACY OVER TEMPERATURE AND VOLTAGE 
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Operates from 1 .7V to 3.5V Supply 

Measures Temperature from -55°C to +125°C 

±0.5°C Accuracy from 0°C to +70°C 

User-Selectable 10-, 11-, 12-, or 13-Bit 
Resolution 



4 Bytes of EEPROM Memory for 
Thermostat Settings 

4 Bytes of EEPROM Memory for General- 
Purpose Use 

Configurable as a Stand-Alone Thermostat 
8-Pin pSOP 
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www.maxim-ic.com 
FREE Temperature Sensors Design Guide— Sent Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. PT) 
For a Design Guide or Free Sample 
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introduced an unwanted voltage drop 
on the product's power- supply rail- 
Finally, the 12V supply rail introduced 
a voltage offset that limited the oscil- 
loscope's ability to accurately resolve 
the small differential signal that I was 
attempting to measure. I disconnected 
the oscilloscope's ac ground to "float" 
the scope with respect to the sampling 
resistor, but the RF noise visible on the 
trace increased significantly- I briefly 
considered using an older analog (non- 
storage) scope, but the DSO's storage 
feature would allow me to capture and 
print the waveforms required for my 
report. 

In frustration, I scoured the work- 
bench for stray parts and assembled a 
circuit that solved the problem. By 
chance, the parts collection included 
an instrumentation amplifier, IC p 
which does an excellent job of extract- 



ing small signals from high-frequency 
background noise. The amplifier's 
inherently slow response attenuates RF 
noise but doesn't affect amplification of 
lower frequency signals. Adding RC 
lowpass filters to the amplifier's inputs 
and output further attenuates lower fre- 
quency noise induced by nearby 
switched-mode power supplies and dig- 
ital logic or microprocessors. 

Normally, I avoid using noise- 
emitting dc/dc converters as power 
supplies for analog circuits. However, 
in this case, IC 2 , a dc/dc converter, 
provided an expedient and technical- 
ly sound approach (Figure 1). In gen- 
eral, dc/dc converters produce more 
noise as their load currents increase, 
but, in this circuit, the sole load com- 
prises the instrumentation amplifier 
that draws only a few milliamperes. 
Adding a few filtering components 



provided additional noise suppression. 

Under normal operation, the current 
that the product draws fluctuates from 
approximately 300 to 800 mA. To min- 
imize the voltage drop induced in the 
power-supply loop, I used a 5 X 20-mm, 
10A, 250V fuse, F p as a current-sam- 
pling resistor. Voltage drop across the 
fuse is approximately 1 mV per 100 mA 
of current, and operating the fuse at a 
small fraction of its nominal rating 
avoids introducing nonlinearities in the 
measurement. 

With a 475H gain-setting resistor, R 2 , 
the instrumentation amplifier, an 
Analog Devices (www.analog.com) 
AD620, provides a gain of 105V/V and 
delivers an output of approximately IV, 
which corresponds to 1A of current 
flowing through the shunt. Capacitors 
C 12 and C 13 provide low-impedance 
paths for high-frequency noise. EDN 



Virtual instrument determines 

magnetic core's B-H-loop characteristics 

Michael Nasab, Circuit Mentor, Boulder Creek, CA 



□ To design an inductive compo- 
nent that contains a magnetic- 
core material, an engineer must accu- 
rately measure the material's charac- 
teristics. A magnetic core's dynamic 
hysteresis loop, or "B-H curve," con- 
tains valuable information about core 
losses and other magnetic parameters. 
Unfortunately, commercially available 
magnetic-loop-analysis instruments 
are expensive and thus impractical for 
small-scale research labs and manufac- 
turers. This Design Idea describes a vir- 
tual instrument that uses a desktop or 
notebook computer with an analog 
data-acquisition card and National 
Instruments' (www.ni.com) Lab View 
software (Version 7.1 or above). In 
operation, the software extracts B-H- 
loop information, core losses, and other 
magnetic parameters at a reasonable 
cost per measurement. 

Figure 1 shows the test fixture for a 
magnetic-core-based device. The de- 
vice, Tp comprises a sample of core 
material and two windings with equal 



numbers of turns. A precision current- 
sensing resistor, R , samples the exci- 
tation current that induces a magnet- 
ic field in the core. The voltage drop 
across R x is proportional to the excita- 
tion current and the magnetic field, H. 
A network comprising resistor R 2 and 
capacitor C 1 integrates the voltage 
induced in the secondary winding. The 
voltage across C l is directly propor- 
tional to the flux density, B, in the core. 
In practice, R 2 's value should be much 
larger than capacitor C^s impedance at 
the operating frequency. (Textbook 



descriptions of the circuit suggest a ratio 
of 100-to-l.) 

Components' tolerances and charac- 
teristics affect measurement accuracy. 
Use a noninductive, lO, 1%- tolerance 
resistor of appropriate wattage rating 
for R p and select a low-leakage, low- 
dielectric-absorption, polyester- or 
polypropylene-film capacitor with 
tight tolerance for C r To acquire and 
view the data, you can use a dedicated 
virtual instrument using a National 
Instruments PCI-6024E data-acquisi- 
tion card and Lab View. The software 
features NI's Express VI (virtual- 
instrument) technology that greatly 
simplifies the creation of user-designed 
data-acquisition and -manipulation 
features. This application uses only two 



VARIABLE-VOLTAGE 

SINUSOIDAL AC- 
EXCITATION SOURCE 




TO DATA-ACQUISITION 
CHANNEL (X-AXIS) 
INPUT 



TO DATA-ACQUISITION 
CHANNEL 1 (Y-AXIS) 
INPUT 



Figure 1 The test fixture for a basic hysteresis-loop analyzer requires few 
components. 
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Intersil Battery Charger ICs 



Intersil High Performance Analog 



Have YOU Seen the 
World's Smallest 
Battery Charger IC? 

Not only is the 2mm x 3mm ISL6294 the 
industry's smallest, but this fully integrated, 
single-cell Li-Ion / Li-Polymer battery charger IC 
can handle input voltages up to 28V, eliminating 
the need for an over-voltage protection circuit. 



The constant current Iref is set with 
the external resistor RIref. The 
constant voltage is fixed at 4.2V. 



End-of-charge (EOC) current indicated 
through the CHG pin (which can be 
interfaced to a micro processor), but the 
charger continues to output the 4.2V. 



To Input 



BAT 








IREF 




IMIN 




ISL6294 




CHG 




PPR 


EN 






GND 





If the battery voltage is below 2.6V the ISL6294 charges the battery with a trickle 
current of one-tenth of Iref- When the battery voltage reaches 4.2V, the charger enters 
a CV mode and regulates to fully charge battery without the risk of over charge. 




TYPICAL CHARGE PROFILE 



Key Features: 

— 2mm x 3mm 8 Ld DFN package 
■ — 28V maximum input voltage 

— Programmable end-of-charge current with 
status interfaced to a micro device through 
CHG pin 

— Thermaguard™ charge current thermal 
foldback for thermal protection 

■ — No external blocking diode required 

— Integrated pass element and current sensor 

— 1% voltage accuracy 

— Trickle charge for fully discharged batteries 

— Less than 1 jjA leakage current off the 
battery when no input power attached or 
charger disabled 

— Input over-voltage protection 

— End-of-charge indication with large 
hysteresis to prevent unwanted re-charge 



Datasheet, free samples, and 
more information available at 
www.intersil.com/edn 



inter s l 

HIGH PERFORMANCE ANALOG 



Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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data-acquisition analog-input chan- 
nels: Channel acquires magnetic-field 
readings (H) for display on an x-y 
chart's x axis in units of ampere-turns 
per meter, and Channel 1 captures flux 
density (B) in tesla units for the y-axis 
display. 

At low frequencies, the core's hys- 
teresis losses predominate, whereas 
eddy-current losses become more 
apparent at higher frequencies- A 
wattmeter-style algorithm calculates 
core losses, but you can easily substitute 
your own mathematical expression into 
the VI block diagram's formula node. 
Lab View also can save the data and 
export results in Microsoft's (www. 
microsoft.com) Excel-spreadsheet for- 
mat or into other programs for further 
analysis. 

You can use another of the data- 
acquisition card's eight differential ana- 
log-input channels to determine 
inductance. To do so, measure the volt- 
age across the device's primary winding 
and calculate its rms value. The ratio 
of the voltage to the rms current as 
measured through R x determines the 
magnitude of the winding's scalar 
impedance, X L . Then, you can calcu- 
late the inductance from the following 
equation: L=X L /2TTf, where f denotes 



the frequency of the applied excitation 
voltage. 

Figure 2 shows a hysteresis curve for 
a 3 B7 -mixture ferrite-pot core prepared 
with 100- turn primary and secondary 
windings and measured at 60 Hz. For 
comparison, Figure 3 displays the 60- 
Hz hysteresis curve for a 100W power 
transformer wound on a toroidal core 
composed of grain-oriented steel. The 
toroidal core's wider loop indicates 
greater hysteresis, a characteristic that 
saturable-core power inverters exploit. 
To apply 60-Hz excitation, you can 
drive the device's primary winding from 
a stepdown (isolation) transformer 
powered by an adjustable-output auto- 
transformer, such as a GenRad (www. 
ietlabs.com) Variac. While observing 
the B-H curve display, gradually 
increase the primary voltage until the 
flattening of the hysteresis loop's upper 
and lower portions indicates core sat- 
uration. No calibration is necessary if 
you use precision. However, when eval- 
uating core materials, you may need to 
experiment with different numbers of 
turns to obtain the windings' ampere- 
turns value for optimum results. 

For tests at 60 Hz, use a 267-kH, 1%- 
tolerance resistor for R 2 and a 1-fiF 
polyester-dielectric capacitor for C l in 



the integrator network. Depending on 
the number of turns and the current 
necessary to obtain a usable output 
voltage, a few volts of ac excitation is 
usually sufficient to run the test. For 
core measurements at higher frequen- 
cies, use a signal generator connected 
to a power amplifier and alter the RC 
integrator's component values for 
proper operation at the frequency of 
interest. Although the application does 
not use an analog output from the data- 
acquisition card, this output can serve 
as a sinusoidal-signal source for the 
power amplifier. 

Review the electrical specifications 
of the card you plan to use and avoid 
exceeding the card's peak-to-peak dif- 
ferential- and common-mode input 
voltages. If the excitation voltage 
approaches or exceeds the card's rat- 
ings, add a 10-to-l resistive- voltage 
divider to limit the applied voltage and 
compensate for the attenuator's losses 
by adding a factor-of-10 gain multipli- 
er in the software. 

You can download a copy of the VI 
that this Design Idea describes from 
www.circuitmentor.com/services.htm. 
You can also obtain a trial version of 
Lab View from NI's Web site at www. 
ni.com.EDN 




Figure 2 The virtual instrument's display shows a 3B7- 
mixture ferrite-pot core's B-H loop. 



Figure 3 This grain-oriented-steel toroidal core's B-H 
loop exhibits saturation at a lower excitation value than 
the core in Figure 2. 
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Complete QRC SMPS. 
Completely Fairchild. 




Greater efficiency, lower EMI for 80W-250W AC/DC designs 

For power supply designs in noise-sensitive applications, 
choose Green Fairchild Power Switch (FPS™): 

• Optimized for quasi-resonant converters (QRC) 

• Integrated PWM and avalanche-rugged SenseFET 

• Advanced burst- mode operation for under 1 W 
standby power consumption 

You'll see greater efficiency, with fewer parts, using 
Fairchild's QRC SMPS solutions. 



Green FPS for quasi-resonant switching converter 
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Only Fairchild offers complete SMPS solutions — including optically 
isolated error amps, PFC controllers, SuperFET™ MOSFETs, bridge 
rectifiers, diodes, online tools — even Global Power Resource Design 
Centers to accelerate your AC/DC designs. 



For more information on our AC/DC solutions, 
design tools or to order an evaluation board, 
visit wwwfairchildsemi.com/acdc/1 . 
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HFSS vIO 

THE POWER OF 1 □ 



Experience the power of HFSS v10 and 
discover why it's the industry standard for 
high-performance electronic design. V10 
powers high-frequency, high-speed design 
complexity and reduces design time with 
EM-circuit co-simulation for RF/Microwave, 
EMI/EMC, Optics, RF/Analog IC and multi- 
gigabit designs. V10 powers design-flow 
efficiency with robust CAD integration, 
geometric healing, model resolution and 
fault-tolerant meshing. V10 powers design 
optimization and engineering throughput 
with optional distributed analysis for paral- 
lel computing. Achieve the power of 10. 



Visit hfss.com. 
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BJT/MOSFET hybrid retains benefits of each design 

□ Targeting higlvvoltage, high-switching-frequency applications, this fami- 
ly of ESBTs (emitter-switched bipolar transistors) suits industrial three-phase 
auxiliary-power supplies and SEPICs (single-ended primary- inductance convert- 
ers) for power- factor preregulators in industrial-lighting applications. The ESBT 
family incorporates a BJT (bipolar- junction transistor) and MOSFET connected 
in a cascade configuration in a single package. This feature enables the family to 
retain benefits including conduction losses comparable with those of a single BJT 
and the ability to achieve 130-kHz switching frequencies under hard, snubber- 
less switching conditions. Additional features include a 1.7-kV, high- voltage capa- 
bility, allowing designers to operate with a higher flyback voltage and a higher 
duty cycle which, in turn, allows the power supply to handle higher powers or to 
operate within a wider range of input voltage. The ESBT family includes the 
STC03DE150, STC03DE170, and STC08DE150 and costs $3.10, $3.30, and 
$3.60 (100), respectively. 
STMicroelectronics, www.st.com 



DirectFET MOSFETs 
reduce 200W-converter 
power loss 

□ The 80V IRF6668 and 100V IRF- 
6662 DirectFET MOSFETs pri- 
mary-side power switches provide high 
efficiency for powering isolated dc/dc-bus 
converters, ASICs, network-processing 
units, and FPGAs in advanced network- 
ing and communication systems. The 
100V device has a 4% lower on-resistance 
and 30% better performance figure of 
merit for combined on-state resistance and 
gate charge than competing enhanced 
SO-8 devices at 36 to 75V input, 8V out- 
put, 200W, and 220 kHz. The IRF6668 



and IRF6662 cost 99 cents each ( 10,000). 
International Rectifier, www.irf.com 

Wireless-LAN InGaP 
HBT power amplifier fea- 
tures 30-dB power gain 

□ Pairing with the vendor's LX55 1 1 
amplifier, the LX5506M targets 
802.1 la/b/g applications, which include 
the 2.3- to 2.5 -GHz bandwidth. This 
InGaP (indium-gallium-phosphide) 
HBT (heteroj unction-bipolar- transis- 
tor) power amplifier provides a 30-dB 
power gain operating in the 5. 25 -GHz 



MAKE YOUR NEXT 

PCS LAYOUT 
A MASTERPIECE 




PADS® PCS Design Solutions 



What Michelangelo did for the 
Sistine Chapel you can do for 
your layout when you use PADS 
complete PCB design solution. 

If you are striving for 
excellence for an easy to use, 
intuitive solution, PADS gives 
you the freedom and power to 
create, at an affordable price. 
To find out more, download the 

latest technical paper at 
www.mentor.com/rd/padspaper 
or call us at 800.547.3000. 



-Mentor 
Graphics* 
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band- Operating from a 33V supply, the 
amplifier features a 16-pin microlead 
package with a built-in heat sink and a 
3 X3 X0.9-mm footprint. Targeting port- 
able 802. 11a wireless-LAN applications, 
including Cardbus, mini-PCI, and access- 
point products, the LX5506M costs 85 
cents (10,000). 

Microsemi Corp, www.microsemi.com 



I/O expanders control 
power functions 

□ The AAT4296 and AAT4298 I/O 
expanders manage six functions 
through a control wire, allowing designers 
to expand general-purpose-I/O resources in 
portable, battery-powered systems. Both 
devices facilitate voltage level-shifting, 



operating at a 1.8 to 5 V input- voltage 
range, with a 1.4V ENABLE/SET voltage 
input level. They use 3-jjlA quiescent cur- 
rent. The AAT4296 features five push/ 
pull outputs, and the AAT4298 has six. 
The AAT4296 comes in a 2 X 2.2-mm SC- 
70JW package and costs 85 cents (1000). 
AnalogicTech, www.analogictech.com 

Low-saturation-voltage 
BJTs target portable and 
battery-powered systems 

□ Aiming at applications in power 
management, battery charging, low- 
dropout regulation, vibrator motors, LED 
backlighting, disk-drive control, and cam- 
era flash, this BJT (bipolar-junction- tran- 
sistor) family provides long battery life in 
cell phones, notebook computers, and dig- 
ital cameras. By delivering a turn-on volt- 
age of less than IV, the devices can elimi- 
nate the typical charge pumps and enable 
the elimination of blocking diodes due to 
their bidirectional-current-blocking capa- 
bility. The vendor claims a 10-cent-per-cir- 
cuit cost savings by implementing the BJTs. 
The series costs 7 to 16 cents ( 10,000) and 
comes in SOT-23, SC-88, SC-74, TSOP- 
6, and ChipFET packages. 
On Semiconductor, www.onsemi.com 



Half-bridge MOSFET- 
driver ICs have flexible 
gate-drive levels 

□ Siliconix 1.8V half-bridge N- 
channel-MOSFET drivers provide 
flexible gate-drive levels, reduce compo- 
nent count, and minimize expense in 
high-frequency, high-current, dc/dc, 
synchronous-rectifier buck power sup- 
plies. The SiP41108, SiP41109, and 
SiP41 1 10 drivers operate with external 
N-channel MOSFETs. They provide 8 or 
12V gate-drive voltages, operate at a 1- 
MHz switching frequency, and function 
in 5 to 48V systems, including power 
converters and industrial and computer 
equipment. A high-side driver has an 
internal bootstrap diode to reduce exter- 
nal component count. The SiP41 109 and 
SiP41 1 10 cost 85 cents each, and the 



You design it. 




Put the power of the Web in your products. 

Imagine providing the ability to access, 
control, even diagnose and repair your products 
from virtually anywhere ... at any time over a 
network or the Internet. 

XPort™ and WiPort™ device servers enable you 
to quickly build Ethernet or 802.11b connectivity 
into your designs. With a robust 
operating system, built-in Web 
server and full TCP/IP stack, 
XPort and WiPort have 
everything you need 
to bring your products 




to market 
with lightning 
speed. And they're 

secure. Both have 256-bit AES Rijndael encryption. 
WiPort features 128-bit WEP and WPA security. 

Lantronix provides the networking expertise, 
so it's easier than you may think. WiPort is 
even FCC-certified, so you don't need separate 
certification. Best of all, design changes are 
usually minimal or unnecessary. 

Call or visit our Web site to get a 
Development Kit and put the power of the Web 
in your products. 

" Visit 

www.lantronix.com 

for your free Device 



LANTRONIX 

Network anything. Network everything.™ 



© Lantronix, 2005. Lantronix is a registered trademark, and XPort and WiPort are trademarks of Lantronix, Inc. WWW.lantrOfliX.COni I 8OO.526.8764 
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SiP41 108 costs 90 cents each. 
Vishay Intertechnology, www.vishay. 
com 



Innovative ESD- 
protection device has 
an ultrasmall design 



Replacing four discrete devices 
including multiplayer varistors, 



the |JiClamp3324P reduces the necessary 
space for ESD (electrostatic-discharge) 
protection by 77% compared with com- 
peting devices- The vendor constructed 
the low-voltage, four-line ESD using a 
EPD TVS (enhanced-punch- through- 
diode transient-voltage suppressor) 
process technology, yielding 3.3V oper- 
ating devices- The |jiClamp3324P 
comes in a 2.1 X 1.6X0.58-mm package 
and costs 41 cents (1000). 
Semtech Corp, www.semtech.com 



INTEGRATED CIRCUITS 



CMOS image sensors 
feature low dark current 
and low noise 

□ The vendors manufacture the 
CYIHDSC9000AA color and 
CYIHDSM9000AA monochrome 9 
million-pixel CMOS image sensors in 
the 0.13-micron CMOS process, pro- 
viding a 3710X2434 maximum resolu- 
tion. The devices provide low dark cur- 
rent and low noise- Other features 
include a 6.4-micron pixel pitch, a 
233 X 15. 5 -mm 2 array format with a 28- 
mm diagonal dimension, a L5 effective- 
focal-length multiplier, and a 3-to-2 
aspect ratio- The devices achieve full 
resolution at five frames/sec and VGA 
resolution at 20 frames/sec. The CMOS 
image sensors cost $90. 
Cypress Semiconductor Corp, 
www.cypress.com 



Class-KB audio power 
amplifier targets car- 
audio applications 

PJB Based on BiCMOS and double - 
™™ diffused-MOS technology, the 
TB2905HQ Class-KB audio power 
amplifier suits car-audio needs, such as 
CD, DVD, and navigation applications. 
Features include four BTL (bridge-tied- 
load) amplifier channels, standby 



switching, offset and clipping detection, 
and protective circuits. Peripherals in- 
clude JEITA 47 W maximum power for 
four BTL amplifier channels at 4^1 and 
14.4V, high performance at 2H with a 
55W typical power for four BTL ampli- 
fier channels at 14.4V and 10% THD, 
and a 9 to 18V operating voltage. The 
TB2905HQ costs $5 (10,000). 
Toshiba America Electronic Compo- 
nents Inc, www.toshiba.com/taec/ 



Active-pixel design 
provides major 
noise reduction 

A 3. 3 -micron active-pixel design 
provides the ADCC-3960 EP 1.3 
million-pixel CMOS image sensor with 
10 times less noise than competing de- 
vices. With a one-third optical format, 
the sensor can process 15 frames/sec at full 
SXGA resolution and 30 frames/sec in 
VGA mode. The device contains 1280X 
1024 active pixels and incorporates a 10- 
bit A/D converter. Additional features 
include a programmable dual LED and 
Xenon flash-strobe synchronization, 4X 
digital zoom, antivignetting, picture 
sharpening and adaptive tone mapping, 
and automatic flicker correction. The 
ADCC-3960 costs $5 (1 million). 
Agilent Technologies Inc, www. 
agilent.com 




HyperLynx® 

Compatible with PADS® 
and all major PCB flows 



If faster edge rates and new bus 
technologies are part of your 
next design, you need the right 
tools and they need to be easy 
to use. HyperLynx is the 
industry leading high-speed 
solution that allows you to make 

pre-route design tradeoffs, 
including trace topologies, buffer 
technologies, termination tradeoffs, 
as well as crosstalk, EMC, power, 
and cost tradeoffs - all before 
routing a single net. To find out 

more, download the latest 
hands-on high-speed tutorial from 
www.mentor.com/rd/hxdemo 
or call us at 800.547.3000. 

-Mentor 
Graphics* 
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M&msMm^mm Instant LCD 



mart 




1DO IVIHz 
18 Channels 

only $499.00 j. 

Call: 972-272-9392 sales@tech-tools.com jBL 

I www.tech-taals.cam 



ezLCD-002 - $1 

Versatile Programmable Module 
• Serial/l 2 C/USB/ParalieI Interface 

• AVR/BASIC Stamp/VB Compatible 

• Onboard Flash Bitmap Memory 
• Downloadable TTF Fonts 
2.7" or 5.6" TOUCH Color TFT LCD 
• 240x160 or 320x240 resolutions 

• Transflective w/ LED Frontlight (2.7") 

• Transmissive w/ 350 nit backlight (5.6") 
• 512 colors or 65,535 colors 



Earth CD. 



COM We Make iuoidjs Work. 1 




ft I v> I 



CA1 640-20 
20MHz Sweeping 
Function Generator 
$260 




QK857D Hot Air Rework Station 

Soft and rotating hot air 
Suitable for high density circuit 
boards 

Automatic On/Off switch $1 85 

QK702ESD 3-in-1 Rework Station 

Hot air gun, soldering iron 
and desoldering gun, a 
complete work system. 
$449 

Free tools wi 





www.madelltech.com 

Phone: (877) 670-9023 
(402) 319-4101 
E-mail: info@madelltech.com 

AS-5001 Mini Automatic 
Reflow Oven 
Light weight, working area 
7"x4.5", temperature to 250°C, 
reflow or preheat modes $798 

BGA Repair Systems 
Advanced BGA repair 
systems with split vision 
assisted alignment and 
precision placement. 




HiKrlMdti 

roar* 



Tabletop Automatic Pick 
& Place Machine 
Least expensive automatic 
pick and place machine on the 
market. Just dropped price. 

ith purchases 




Test and measurement, SMT Equipment, Rework Stations, Lab Equipment, 
Bio-laboratory, Optics and more 



USB CANbus I2C RS 



USB to l 2 C 
for PC's 




NEW! UCA93LV - bus-poweredl 
USB I2C interface - great for laptops! I 
400kHz bus monitoring / addr. filtering! I 
Also: PCI93LV - PCIbus version I2C I 
master/slave/bus-monitor. $499.00 



USB in one IC! 



\FT232R - NEW! USB1.1 serial IC with 
I new "security-dongle" features. Each IC | 
has unique ID! Internal EEPROM, 
I clockgen, pullups, etc. Smaller/cheaper I 
| than FT232BM $2.15 (1 000) 



Saelig Company Inc. 

p: 888-7-SAELIG 
www.saelig.com 



Complete Ultrasoni 
Ranging Sensor 



Just Add 
Power!! 




Same Sensor Invented by Polaroid to Focus Cameras! 
Electrostatic Transducer and Drive Module in One 
Complete Package! 

Non-Contact Ranging and Measurement from 6" to over 40'! 
Perfect Sensor for Non-Contact Measurements, Liquid or 
Bulk Level Sensing, Proximity Sensing, Robot Guidance 
We Sell Complete Ranging Kits and Components 



Phone 734-953-4783 

Fax 734-953-4518 
www.senscomp.com 
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Modems and 
Internet Modems 

• Speeds from 2400 to 56k bps 
•Optional SMTP, TCP/IP Enabled 
•Caller ID, DTMF signaling 

• Off hook detection, Priority pick up 
•Approved; FCC. UL, CSA, CS-03 

• Evaluation kits 

• Low cost starting at $19.95 

www.cermetek.com 

Tel: 800-882-6271 
Sunnyvale, CA USA 





640x480 Image Sensor, Color/BW, 4x3", C/C++ 
Programmable x86, CompactFlash FAT, Ethernet TCP/IP, 
RS232/485, RTC, TTL 



Machine vision; ID mark check; Pattern recognition; 
Industrial process control; Motion position detection; 
Security monitoring; image acquisition and recording. 



50+ Low Cost Controllers with ADC, DAC, solenoid drivers, 
relays, file system with CompactFlash, LCD, DSP motion control, 
18 UARTs, 300 l/Os. Custom board design. Save time and money. 



7n 



1724 Picasso Ave., Suite A 
Davis, CA 95616 USA 



TFPNT Tel: 530-758-0180 • Fax:530-758-0181 
J. J— tWLy www.tern.com 1^1 in ' ^er^ i 
INC. sales@tern.com HUS 



r 



£binfl Connection... 

PCB Production, 
Assembly, 
Turnkey 



Prototype ~ Production 



D/S PCB - 12$ per in 2 
4-L PCB ~ 20$ per in 5 

10 days Delivery w/solder Mask 
NRE not included 
UL Approved 



MYLYDIA INC. 

1-800-Mylydia 
sales@mylydia.com 

www.mylydia.com 
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This index is provided as an additional 
service. The publisher does not assume 
any liability for errors or omissions. For 
immediate information on products and 
services, go to Reader Service under 
Tools 8c Service at www.edn.com. 




PADS® and HyperLynx® 
Available through Value Added Resellers 

PADS resellers are full-service 
companies that provide sales, 
tech support and customized 
services in your region. These 
resellers are our partners; they 
understand your needs and 
can help you grow your 
business. PADS resellers provide 
solutions that will improve the 
quality of your designs on time 

and within budget. Visit 
www.mentor.com/rd/buypads 
or call us at 800.547.3000 
to find your local reseller. 
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realitycheck 



YESTERDAY'S HYPE MEETS TODAY'S REALITY 




STATS Volume at end of life: 100 units/month Music capacity: 90 minutes to three hours 



DAT stirs piracy fears, loses out to plastic discs 




^ In the mid-1 980s, DAT (digital -audio tape) was poised to become a mainstream music 
medium. Sampling modes varied from 1 2 bits at 32 kHz to 24 bits at 96 kHz, resulting 
in storage capacities of 90 minutes to three hours. But DATs real claim to fame was lossless 
recoding. DAT would allow perfect duplication of digital content, such as audio CDs. Of course, 
the recording industry was no more enlightened back then than it is today and quickly lobbied 
for mitigation. The result was the Home Recording Act of 1 992— also called the DAT tax. The 
act levied a royalty on all DAT recorders and media and mandated the Serial Copy Management 
System that limited DAT recorders to a single perfect copy. 

It turns out that affordable, recordable CD technology was just around the corner. Thus, DATs 
success was limited to studio and audiophile customers. In November, Sony announced that it 
would discontinue its DAT product, as demand had dropped to approximately 100 units/month. 
As of mid-December, the outlet section of the Sony Electronics Web site offered the DTC- 
ZE700 for $500-$300 less than retail. 
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OMRON 
OPTICAL 
NETWORK 
#/ DEVICES 

Omron's new P1 L Multimode Micro Lens Arrays, 
PI X CWDM Mux/Demux, and PI S Optical Switches 
turn recent theory into real solutions for tomor- 
row's high-speed, free-space fiber/data communi- 
cation links. 

omRon 

ELECTRONIC COMPONENTS 



mouser.com/omron/ f a 



SHARP 

PHOTOCOUPLERS 

These VDE certified 
products are for general 
applications such as 
telecommunication 

devices, white goods, and PLCs. Sharp is an indus- 
try leader in Optocomponents. 

SHARP 

MICROELECTRONICS 

of the Americas mouser.com/sharpsma/a 




THE MOUSER ADVANTAGE: 



FASTER TIME TO MARKET 




For over 40 years engineers have relied on 
Mouser as their source for electronic compo- 
nents. And with the quickest market introduc- 
tion of new products, Mouser also gives you a 
critical time-to-market advantage. 

That's why we deliver a 1 ,600+ page catalog 
of the newest product information 4 times a 
year. And with daily updates to over half a mil- 
lion products on-line, you can depend on 
Mouser to save you critical time to market! 

Experience Mouser's time-to-market 
advantage! Our vast selection of the NEWEST 
products, no minimums, and same-day shipping 
on most orders, gets you to market faster. We 
make it easy to do business with Mouser. 



MOUSER 

ELECTRONICS 



a tti company 



NEW Products 
NEW Technologies 
NEW Suppliers 



mouser.com 



(800) 346-6873 



The NEWEST Semiconductors | Passives | Interconnects | Power | Electromechanical | Test, Tools & Supplies 




AMPHENOL RADSOK® POWER 
BUS CONNECTORS 

RADSOK® tech- 
nology provides 
higher power in 
a smaller pack- 
age. Features 
include higher 

ampacity, lower insertion force, high cycle 
durability, and high reliability. 

Amphenol mouser.com/ ampheno\/a 



JAE MICRO 
DIMM 

CONNECTOR 

This WA6 Series is 
the new DDR2 
MicroDimm standard.The WA6 is a memory 
module for many consumer products. The cur- 
rent rating is 0.3 A. 




i_IAI 



mouser.com/jae/a 



CHIPCON CC1 1 00 & CC2500 RF 
TRANSCEIVERS 

Jfej^t The CC1 1 00 UHF RF 

flj HF^|lli% transceiver and the 
*QHf 3|fc CC2500 2.4GHz RF 
transceiver are built 
upon the advanced 
0.18 pm CMOS technology offering superior 
RF performance, the market's lowest system 
cost, and very low-power consumption in tiny 
4x4 mm, 20-pin QLP packages. 




(B Chipcon 



mouser.com/chipcon/a 




LAMINA BL-4000 LED LIGHT 
ENGINES 

Lamina's newest LED light source delivers 
1 20 lumens of blended RGB and 1 20 lumens 
in white (5500°K) from a single point. 
Designed for decorative effects using color, 
the RGB is the brightest and smallest RGB LED 
Light source available, and is designed for 
optimal color mixing. 

lamina mouser. com/lamina/a 
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STR7 ARM -based 32-bit Flash MCU with USB 
and CAN gives you control over power and 
performance and brings innovation to your design. 



Innovative products for multi-segment application systems 




With STR7 ARM7TDMI MCU, designing versatile products like card payment 
terminals is easy. The STR7 family offers a large choice of memory, packages 
and peripherals. Extensive application support (application notes and 
software libraries including USB) makes design even easier. 



Key Benefits 

Future-proof 32-bit ARM-based microcontrollers 
Largest choice of peripherals and interfaces, including 
USB and CAN 

Flexible power and clock management with two 
independently clocked APB peripheral buses 
High-quality embedded Flash (20 years retention) 
Extensive software and easy-to-use evaluation kits 



Key Applications 

POS: secure card reader, receipt printer, bill validation 
USB devices: security token, card reader 
Industrial: factory automation, circuit breaker, industrial 
network, PLC 

HVAC and Building: fire, access and security, alarm system, 
power meter 

Medical: patient monitoring, diagnostic systems 
Appliances: washer and dryer, dishwasher 
Others: hands-free car kit, electric wheelchair, cellular phone 
base station 




For full documentation, developer kits, software 
and user forums, visit WWW.St.COm/str7-arm 



All brand names and product names are the property of their respective holders. 
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